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FOREWARD 

The annual environmental monitoring report on U.S. Department of Energy (DOE) 
facilities at Grand Junction, Colorado, and Monticello, Utah, is conducted by 
contractor personnel at the DOE Grand Junction Projects Office facility. 
Environmental monitoring activities during 1986 were under the supervision of  
Xic Korte and Sandra Wagner. This report was prepared by Michael Sewell using 
data collected by Korte and Wagner. UNC succeeded Bendix Field Engineering 
Corporation as contractor for the DOE Grand Junction Projects Office facility 
on October 1, 1986. 
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GRAND JUNCTION PROJECTS OFFICE F A C I L I T Y  

The s h a l l o w  g r a v e l  a q u i f e r  t h a t  u n d e r l i e s  t h e  Grand . Junc t ion ,  C o l o r a d o ,  
Department  o f  Energy ( D O E )  f a c i l i t y  is c o n t a m i n a t e d  by uranium m i l l  t a i l i n g s .  
Uranium, molybdenum, a r sen ic ,  and s e l e n i u m  a re  a l l  found i n  s i g n i f i c a n t l y  
e l e v a t e d  c o r r c e n t r a t i o n s .  For example ,  t h e  S a f e  D r i n k i n g  Wilt-er A c t  h a s  set 
l i m i t s  o f  0 .05 mg/l a r s e n i c  and 0 . 0 1  mg/l seleni i rm.  Both o f  these l i m i t s  a r e  
r e g u l a r l y  exceeded i n  g roundwate r  samples c o l l e c t e d  w i t h i n  6 meters of  t h e  
Giinnison R i v e r .  Se l en ium l e v e l s  have been as h i g h  a s  0 .066 mg/l, and a r s e n i c  
l e v e l s  as h i g h  as  0.51 mg/l. T h e r e  a re  no s t a n d a r d s  promulgated f o r  niolyb- 
denum, b u t  t h e  N a t i o n a l  Academy of  S c i e n c e s  ( 1 9 7 2 )  h a s  s u g g e s t e d  a l i m i t  o f  
0 .01 nig/l f o r  a g r i c u l t u r a l  use .  O n e  w e l l  near t h e  perimeter of  t h e  f a c i l i t y ,  
and w i t h i n  a few meters of t h e  r i v e r ,  c o n t a i n s  a p p r o x i m a t e l y  2 . 0  mg/l molyb- 
denum. Uranium l e v e l s  c o r r e l a t e  well w i t h  t h o s e  of molybdenum e x c e p t  t h a t  
t h e y  a r e  g e n e r a l l y  g rea te r ,  w i t h  s e v e r a l  wells on t h e  r i v e r  d i k e  c o n t a i n i n g  
more t h a n  1 mg/l. 

S u r f a c e  water on t h e  f a c i l i t y  c o n s i s t s  o f  two l a g o o n s  and a d r a i n a g e  d i t c h .  
T h e  most s e r i o u s  c o n t a m i n a t i o n  d e t e c t e d  i n  1986 was radium-226 i n  t h e  d i t c h  
a d j a c e n t  t o  t h e  r i v e r  d i k e .  R e s i l l t s  o f  t h e  ,Janiiary 7986 s a m p l i n g  i n d i c a t e  a 
radium-226 c o n c e n t r a t i o n  i n  the d i t c h  o f  21 .8  p C i / l  compared w i t h  the s t a n d a r d  
for. d r i n k i n g  w a t e r  of 5 p C i / l .  

Samples  were c o l l e c t e d  from t h e  Gunnison R i v e r  f o u r  times d u r i n g  t h e  y e a r  a t  
p o i n t s  u p s t r e a m ,  a l o n g s i d e ,  and downstream of  t h e  f a c i l i t y .  Dur ing  one 
s a m p l i n g  p e r i o d ,  f i v e  a d d i t i o n a l  s amples  were c o l l e c t e d  a l o n g s i d e  a large 
r i v e r s i d e  t a i l i n g s  d e p o s i t .  I n  no . I n s t a n c e  were u r a n i u m - r e l a t e d  c o n t a m i n a n t s  
d e t e c t e d  i n  t h e  s a m p l e s .  T h u s ,  t h e  e f f ec t  of  t h e  c o n t a m i n a t e d  a q u i f e r  on t h e  
r i v e r  i s  assumed t o  be  n e g l i g i b l e ;  however,  t h i s  c a n n o t  be  v e r i f i e d  w i t h o u t  
a d d i t i o n a l  t e s t i n g .  

I n  a d d i t i o n '  t o  t h e  c o n t a m i n a t i o n  d i s c u s s e d  a b o v e ,  t.he p r e s e n c e  of  p o l y c h l o r i -  
n a t e d  b i p h e n y l s  ( P C B s )  is a d d r e s s e d  i n  this r e p o r t .  T r a n s f o r m e r s  on t h e  
f a c i l i t y  have been p r o p e r l y  l a b e l e d ,  and PCB-contaminated waste was d i s p o s e d  
of  i n  1983. 

T h e r e  have  been no s i g n i f i c a n t  p r o c e s s  changes  and no a i r - q u a l i t y  i m p a c t s  
r e p o r t e d  d u r i n g  1986.  I n  r e s p o n s e  t o  t h e  need t o  d e s c r i b e  background c o n d i -  
t i o n s  f o r  t h e  p e n d i n g  r e m e d i a l  a c t i o n ,  however ,  t h r e e  high-volume a i r  s a m p l e r s  
were i n s t a l l e d  i n  December 1985. Data from t h e s e  s a m p l e r s  a r e  b r i e f l y  
d e s c r i b e d  i n  t h i s  r e p o r t .  

MONT I CELLO M 1 LLS I TE 

The s h a l l o w  a q u i f e r  u n d e r l y i n g  t h e  M o n t i c e l l o ,  U tah ,  DOE p r o p e r t y  i s  a l s o  
c o n t a m i n a t e d  by u r a n i u m  m i l l  t a i l i n g s .  Montezuma Creek, which f l o w s  th rough  
the p r o p e r t y ,  h a s  f r e q u e n t l y  c o n t a i n e d  c o n t a m i n a t i o n  a t  l e v e l s  e x c e e d i n g  S t a t e  
of Utah wate r -qua l  i t y  s t a n d a r d s  f o r  s e v e r a l  k i l o m e t e r s  downstream from t h e  
p r o p e r t y .  Con tamina t ion  i n  t h e  c r e e k  r e s u l t s  from seeps i s s u i n g  from t h e  
c o n t a m i n a t e d  a 1  l i i v i a l  a q u i f e r .  T h i s  s e e p a g e  causes t h e  uranium c o n c e n t r a t i o n  
i n  t h e  c r e e k  t o  i n c r e a s e  by a s  much a s  a n  o r d e r  of magn i tude ;  c o n c e n t r a t i o n s  
a s  h i g h  a s  0 . 9  mg/l were d e t e c t e d  30 meters from t h e  Government p r o p e r t y  i n  
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1984. Similarly, selenium concentrations regularly exceeded 0.01 mg/l, the 
Utah standard for this section of Montezuma Creek. The creek is used both for 
.irrigation and f o r  livestock watering in the vicinity of the site. During 
1985 and 1986, observed concentrations o €  uranium, seleniuni, and molybdenum 
were lower; however, fewer samples were collected than in previous years and 
samples were collected when water in the creek was at relatively high levels, 
thereby d j  1 ut.ing the contaminants. 

Concentrations in the shallow aquifer generally exceed those found in the 
surface water. Uranium, molybdenum, vanadium, seleniilm; and arsenic a r e  all 
found in concentrations exceeding 1 mg/l in some wells. However, because of 
the low volume of water in this aquifer, State of  Utah standards are 
apparently not applicable. 

Extensive measurements of radon contamination from the tailings piles were 
conducted during 1984, 1985, and to a lesser extent in 1986. These irlclude 
on-pile, site-boundary, and off-site Track Etch@ measurements, as well as 
additional on- and off-pile radon-flux measurements. Results of these 
measurements, reported in the Draf t  Environmental Assessment o f  Remedial 
Act ion a t  the Monticello Uranium N i l 1  Tai l ings  S i t e ,  Monticel lo ,  Utah (Rendix 
Field Engineering Corporation, 1985) ,  demonstrate that the EPA standard f o r  
rAdon emissions from inactive uranium processing sites is exceeded at a l l  four 
tailings piles at the Monticello site. 



S e c t i o n  T I  

TNTRODIJCTJON 

.. 

5 



This report describes environmental monitoring activities conducted at the 
U.S. Department of Energy (DOE) Grand Junction, Colorado, Projects Office 
facility (Section 1 1 1 )  and at the inactive uranium laillsite in Monticello, 
Utah (Section IV). ' 

GRAND JUNCTION PROJECTS OFFICE FACILITY 

The Grand Junction Projects Office (GJPO) facility encompasses 48.6 acres and 
lies on the floodplain of the Gunnison River. An earthen dike is located be- 
tween the facility and the river t o  the west. Although adjacent land is used 
primarily for agriculture, the facility is within approximately 1 kilometer of 
heavily populated areas. 

Personnel at the GJPO facility develop, support, and/or administer a variety 
of programs. Historically, the Office was most heavily involved in uranium 
procurement, evaluation of domestic uranium resources, and advancement of 
geologic and geophysical exploration techniques. The scope of activities now 
includes provision of considerable support to the Government's various reme- 
dial action programs and to the Civilian Radioactive Waste Management (CRWM) 
program. Housed on the GJPO facility are fully equipped laboratories f o r  
analytical chemistry, mineralogy-petrology, and electronics. Research groups 
at the facility have also received funding for specific projects from a 
variety of entities, including the U.S. Environmental Protection Agency and 
the U.S. Department of Defense. UNC is the operating contractor for the 
Government-owned/contractor-operated (GOCO) facility. 

No point-source discharges or waste-treatment activities occur on the facil- 
ity. Uranium milling, analysis, and storage were conducted for a perlod of 25 
to 30 years: these activities ceased in the mid-1970s. All present contamina- 
tion is believed to be the result of these past activities. According t o  
historical records (those maintained by the Department of Energy ana its 
predecessor agencies, the Atomic Energy Commission and the Energy Researcn and 
Development Administration), approximately 32,000 tons of ore were processed. 
Most of the resulting tailings are buried in the "Tailings Area" (see Section 
111). In addition, approximately 25,000 cubic yards of contaminated material 
were used as backfill around the dike that separates the GJPO facility from 
the Gunnison River. Each of five other locations contains Contaminated 
material in amounts ranging from 1000 to 6000 cubic yards, while several 
miscellaneous locations account for an additional 1000 cubic yards (Henwood 
and Ridolfi. 1986). 

Cleanup of the buried mill tailings at the GJPO facility has been accepted 
under the Surplus Facilities Management Program (SFMP). Funding for this 
effort began,in FY-1985. 

MONTICELLO, UTAH, MILLSITE 

7 

Responsibility for administration. maintenance, and environmental monitoring 
of the inactive uranium millsite and tailings area at Monticello, Utah, 
formerly operated by the Atomic Energy Commission, resides with the DOE Grand 
Junction Projects Office. The site was accepted into the Surplus Facilities 



Management Program in 1980. Under this program, the chief objective of the 
Monticello Remedial Action Project is to minimize potential health hazards to 
t.he public associated with the tailings a't the millsite. In order to provide 
a basis €or making remedial action decisions regarding the site, an environ- 
mental arid engineering characterization was completed and documented in the 
N o n t i c e l l o  Remedial A c t i o n  P r o j e c t  S i t e  A n a l y s i s  Report (Abramiuk and others, 
1984). 

The Monticello millsite is a 78-acre tract located in San Juan County, IJtah, 
adjacent to the city limits of Monticello. The mill area covers approximately 
IO acres and the tailings inipoiindnlerit area covers the remaining 68 acres. 
None of the original mi11 buildings remain, but contaminated foundations and 
scrap materials are buried on si t.e. The tailings impoundment area contains 
almost 2 mill'ion tons of tailings and contaminated soil in four separate 
tailings piles. Results of additional surveys indicate the presence of more 
than 300,000 additional tons of contaminated material on adjacent open lands 
(Mrrutzky and others, 1985). 

Prior to 1955, the environmental problems receiving attention at the 
Monticello mill arose from the salt-roast procedure used t o  enhance vanadium 
recovery. Studies indicated that an average of nearly 2600 pounds of  dust 
canta.in.ing 0.363 percent U30s arid 1.52 percent V z 0 5  escaped da.ily thr*ough the . 
roaster stack (Allen and Klemenic, 1954). Corrosion of wire fences, clothes- 
lines, and galvanized roofs  was verified by the? mill operator in response to 
complaints from local residents. 

Liquid effluent from the salt roast/carbonate leach plant, containing substan- 
tial concentrations of chloride, sulfate, carbonate, bicarbonate, sodium, and 
other dissolved species, was released into Montezuma Creek. Release of 
radium-226 was of special concern: soluble radium activity in Montezuma Creek 
was found to be 160 pCi/l. It was also recognized that the suspended solids 
contained considerable radium activity and that dry tailings were being washed 
into the creek (Whitman and Beverly, 1958). 

During rnillihg operations, the tailings were normally moist so that erosion by 
wind was minimal. Within a year after shutdown, however, the tailings dams 
and surfaces of the piles dried out, and tailings sand began to migrate as 
dunes. Erosion by water also became a problem. Several cleanup activities, 
conducted sirice the time of mill closure, have substantially stabilized the 
area, but have not eliminated water contamination. 

Water contamination results from the leaching of the uranium mill tailings. 
Extensive studies conducted at Monticello (Abramiuk and others, 1984) 
demonstrate that all four tailings piles contribute t o  the contamination of 
groundwater and surface water, both on and off site. 

QUALITY ASSURANCE 

Quality Assurance (QA) measures were incorporated into a11 of the monitoring 
activities detailed in this report, and were appropriately documented. The 
general qual ity assurance pol icy and procedures, as presented .in the Q u a l i t y  
Assurance Manual (Bendix Fie 1 d Engineering Corporat ioniGrand .Junction 
Operations), were followed. In addition., certain documents were consulted to 
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I '  

SFMP/Grand , J u n c t i o n  P r o j e c t s  O f f i c e  (G,JPO) Q u a l i t y  A s s u r a n c e  Program P l a n  
(QAPP 1 

e SFMP/Mont ice l lo  Renietlial Act . ion P r o j e c t  (MRAP) Q u a l i t y  Assurance Program 
P l a n  (QAPP) 

a d d r e s s  QA c o n s i d e r a t i o n s  r e g a r d i n g  s p e c i f i c  measurement . a n d  s a m p l e - c o l l e c t i o n  
p r o c e d u r e s .  T h e s e  i n c l u d e  t h e  f o l l o w i n g :  

DOE/GJPO Handbook of Analyt . ical  and Sample-Preparation Nethods ( R e n d i x  
F i e  I d  E n g i n e e r  i ng  C o r p o r a t i o n )  

BOE/G.JPO Adminis t ra t  i v s  P l a n  and Qual i t y  Control rK?tliotls f o r  t he  Rerirli.u/GJO 
Ana 1 y t  i cal  La bora t o r i e s  ( B e n d  i x F i e 1 d E n g i  n e e r  j ne; Corpora  t i 011)  

Rend ix/GJO Environmental Sc iences  Procedure Manual : Second Edit:.ion (Rei id ix  
F i e l d  E n g i i i e e r i n g  C o r p o r n t  ion)  

S p e c i f i c  QA r e q u i r e m e n t s  f o r  each p r o j e c t  have been  d e f i n e d  and were conipi led 
as the f o l l o w i n g  documen t s :  



Sect . ion I T 1  

GRAND JUNCTION, COLORADO, PRO.JECTS OFFTCE FACTLITY 



I AIR QUALITY 

The Grand Junction air sampling program was initiated in July 1986. Three 
Sierra-Anderson Basic High Volume Air Samplers (Model 305) were installed, 
with Plow controller and mechanical timers (Model 353). The Plow controller 
pulls 40 standard cubic feet per minute (cfm) of air and particulates through 
the filter €or a 24-hour period every 6 days. The flow controller is Cali- 
brated with a Kurz Model 341 electronic mass flow meter. Manometers attached 
to the flow controller units verify the accuracy of Plow controller calibra- 
tion. Total suspended particulates (TSP) are retrieved on 8-inch by 10-inch 
Whatman Number 41 cellulose filters. 

The sampling sites (see Figure 111-1) were determined from wind-rose data for 
the Grand Junction facility. Two principal wind vectors occur: North 36' West 
and South 33" East. The south station was originally intended to be the back- 
ground station. However, the prevailing winds in the Gunnison River canyon 
where the facility is located are bidirectional so that the south station may 
periodically sample contaminant. Metal towers were erected on concrete pads 
at the sampling sites and the samplers were mounted so that the filter is 11 
feet above ground level. 

The south sampler site (No. 1) is located at the south end of the facility 
near Building 35. The west sampler site (No. 2) is located on the north edge 
of the Tailings Area, near the incinerator. The north sampler site (No. 3) is 
located at the north end o f  the facility, northeast of  the North Pond. 

Total suspended particulate sampling was initiated on December 16, 1985; Table 
111-1 lists maximum concentrations and the mean concentrations above detection 
limits (ADL) of selected elements from January 2, 1986, through September 9, 
1986. 

Table III '-l.  Concentration of Selected Elements in Airborne Particulates 

b Number Number of Concentration 
Element of Samples Samples A D L ~  Maximum Mean ADL 

cu 
Fe 
K 
IYn 
Pb 
Ra-226 
Th-230 
U 
v 

121 
121 
121 
121 
121 
121 
121 
121 
121 

121 
121 
121 
101 
99 
19 
48 
41 
43 

0.108 
2.930 
1.662 
0.080 
0.104 
8.58 x IO-4 
1.0 x 10-3 
7.3 x 10-3 
1.16 x lo-' 

0.032 
0.563 
0.330 
0.014 
0.023 
3.1 x 10-4 
2.2 x 10-4 
i / o  x 10-3 
2.7 x 10-3 

*ADL = Above Detection Limits. 
bResults are in pg/m3 except Ra-226 and Th-230 which are in pCi/mJ. 

Plans for the 1987 monitoring program include the installation of 10-micron 
size screen in the selection inlet of the sampler to separate particles 10 
microns or smaller in size from larger particles. The 10-micron or smaller 
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size particles are considered to be "iuhalable" particulates and will be 
collected on the cell111 ose f i 1 ter in the sampler. The heavier wi.rld-blown 
particulates and fugitive dust will be eliminated by the 10-micron size 
screen. 

POLYCHLORINATED RTPHENYI, (PCR) MONTTORTNG 

During 1982, H program was completed to ideritify and determine the total 
qiianti ty of polychlorinated biphenyls (PCRs) and PCB-contaminated fluids on 
the facility. A l l  facility transformers were opened and oil samples taken. 
These samples were analyzed in the Bendjx Analyt.icH1 Chemistry Laboratory, 
based on methods and standards provided by the Environmental Protection 
Agency. More thari 1000 gallons of  PCR-contaminated fluids were identi fied 
(Miller and Donivan, 1982). A l l  PCB-contaminated labware and waste material . 
(approximately 20.5 pounds) were disposed of during 1983. 

WATER QUALITY 

SAMPL TNG PROCEDIIRES 

Water samples were collected at the G.JPO facility in .January, April, July, and 
October 1986. (For  the purposes of this report, these are referred to as the 
Poilr 1986 samplings. ) Both groiindwater and surface-water samples were 
obtained using R peristaltic pump. 'Samples were filtered through a 0.45-pm 
filter in line with the collection vessel. The-samples were then preserved 
and analyzed according to procedures prescribed in Korte nnd Ealey (1983), 
Korte and Kearl (1985). and Bendix Field Engineering Corporation (undated). 
These procedures incorporate the major aspects of procedures pub1 ished by the 
1J.S. Environmental Protection Agency (1979a, 1979b, 1980, 1982;1, 1982b) and 
the U . S .  Geological Survey (1977). However, they provide much greater detail 
and include extensive quality-assurance measures. 

SURFACE WATER 

Figlire IIT-1 shows the surface water sites that were routinely sampled during 
1986. The North Pond is contaminated principally by uranium; recharge is 
primarily from the shallow gravel aquifer underlying the facility. Coritaniina- 
tiari levels are similar to those observed in previous years. Uranium colicen- 
t.rations iri the four 1986 samplings averaged nearly 0.75 mg/l (Appendix A ) .  

The South Pond'("Lagoon" on Figure TII-I), also recharged primarily by the 
shallow gravel aquifer, was formerly used as a sewage lagoon. Currently, its 
principal source of effluent is storm rrrnoff from the parking lots. Variable 
contamination by uranium has been observed: 
contained 0.10  mgil; the April 1986 sample also contained 0.10 mg/l; while 
the July 1986 sample contained 0.053 mg/l. This last value decreased to 0.038 
mEi1  by the time of the October sampling. These fluctuations are most likely 
related to water levels in the alluvim; that is, high water levels coincide 
with higher uranium concentrations in the lagoon. 

The sample collected in .January 
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I' 

Figtire 111-1. . Map I I ~  t.he G J P O  F a c i l i t y  Showing Locations of Buildingx. Pert inent  Areas ,  and Mor.itorirlg Wells 
anti A ir  Siintpler Sites. 
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Previous environmental monitoring reports refer to a sampling location known 
as the drainage ditch. This area is located outside the facility fence 
directly west of the buried tailings area ("Tailings Area" on Figure 111-1) 
and below the river dike. Formerly, the South Pond overflowed into the ditch 
more or less continuously: however, it has been observed on numerous inspec- 
tions that the pond has not contained sufficient water to overflow since the 
facility was connected to the city sewer system in 1981. Nevertheless. water 
remains in the ditch area except during very dry seasons. 
analysis of the ditchwater indicate that radium-226 concentrations averaged 
9.8 pCi/l in 1986 and were as high as 21.8 pCi/l in 1985. Concentrations of 
uranium and molybdenum were also high, the former exceeding 1.7 mg/l and the 
latter exceeding 0.6 mg/l in the January and October samplings, respectively. 

The Gunnison River was sampled upstream, downstream, and alongside the facil- 
ity during each oP the four sampling periods in 1986. Five additional river 
samples were collected alongside a portion of the dike now known to be con- 
taminated (Henwood and Ridolfi, 1986). Uranium-related contaminants were not 
detected in any of these samples, nor were significant differences in the 
three locations noted f o r  any of  the sampling periods. Slight increases for a 
few species are evident, but the differences are not sufficient to suggest 
contamination Prom the site. 

Results of chemical 

The level of water in the ditch rises and falls with the level of water in the 
river; thus, there is a strong likelihood that contaminated water enters the 
river. Apparently, the volume of water in the river is sufficient to quickly 
dilute contaminants to background levels. The impact of the aquifer discharge 
into the river is discussed in detail in the draft Environmental Assessment 
for the GJPO facility (1987). The 1981 Environmental Monitoring Report (Korte 
and Thul, 1982) describes some weak evidence for river contamination; this is 
explained in part by the lower average flows in the river in 1981 relative to 
1986. 

An additional problem in assessing possible contamination of the Gunnison 
River results from the method used for sample collection. A l l  the river 
samples have been "grab" samples collected from the riverbank: yet studies 
demonstrate that this type of sample does not yield an accurate picture of the 
concentration of material in a river (see, for example, Jaffe and others, 
1982). A more extensive sampling study may be conducted in order to determine 
whether the river is affected by contaminants leaching from the GJPO facility. 

GROUNDWATER 

Analytical results on samples collected from the groundwater monitoring wells 
are also described empirically. The results oP routine groundwater and 
surface-water sampling are presented in Appendix A .  Quantitative 
interpretation of the data using computer modeling is presented in 
Environmental Assessment o f  Remedial Act ion a t  the  Grand Junction P r o j e c t s  
O f f i c e  F a c i l i t y ,  Grand Junct ion,  Colorado (Draft) (UNC, 1987). 

Based on results of the 1981 data, Wells P-2, P-6, 1-9S(D), 3-3N(D), and 5- 
12N(D) (Figure 111-1) were expected to represent background. (The designation 
"D" denotes a two-well multilevel system at the particular location.) Results 
of subsequent samplings, however, indicate that this assumption is erroneous. 
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Uranium levels in Wells P-2 and P-6 reported in the 1981 report were less than 
0.01 mg/l. During each of the succeeding years.(1982 through 1985), samples 
from all five wells contained levels of uranium above the expected background 
concentration. Uranium concentrations ranged from approximateiy 0.02 mg/l in 
Well 3-3N(D) to 0.7 mg/l i n  the shallow well at location 1-9s. Except f o r  
Well 1-9S(D), the concentration of uranium ranged from 0.02 to 0.09 mg/l. 
Other anomalies also exist. For example, selenium was detected in Wells 5- 
12N(D), 1-9S(D), P-2, and 3-3N(D); contamination by zinc, vanadium, and 
manganese is evident in one or  more wells. As a consequence, it became clear 
that none of these five wells represents background. For that reason, 
additional wells were drilled in 1984 (Sewell and Price, 1984); they are 
denoted by the prefix GJ84-. 
and -11 indicate that average concentrations of uranium, arsenic, selenium, 
and molybdenum in these wells are all less than 0.01 mg/l. 

Data from five samplings of,Wells GJ84-9, -10, 

The discussion that follows focuses on individual contaminants (cf. Figure 
111-1 for location information). 

Uranium contamination is evident in all wells except those wells that 
represent background (GJ84-9, -10, and -11) and GJ84-1. The highest 
concentrations were found in Wells 8-4s. P-10, and 7-6S, which are located 
west of Building 3022. Similar concentrations, 2.0 mg/l or greater, were 
found in Well 10-2N. located south of Building 20. and in Well 11-1JN which 
lies along the west bank of the North Pond. The uranium levels in most of the 
other wells were greater than 0.1 mg/l. The average concentration in the 
wells along the north dike has remained fairly constant over the past 5 years. 
Average uranium concentrations of 0.81 mg/l in 1982. 0.88 mg/l in 1983, 0.86 
mg/l in 1984, 0.92 mg/l in 1985, and 0;77 in 1986 were determined from data 
for Wells P-4.  10-19N. P-7, and 1.5-17N; data from Wells GJ84-4 and -5 were 
included in the 1984. 1985. and 1986 averaging. The uranium concentrations 
along the west boundary (Wells 11-1s. P-10, 7-6S, and 8-4s) averaged 1.28 mg/l 
in 1986 with a high value of 3.6 mg/l in well P-10. Several of these wells 
are located on the river dike. 

Molybdenum contamination is also widespread throughout the monitoring system. 
The highest concentration in 1986 occurred i n  Well 8-4S, exceeding 1.5 mg/l on 
two occasions.. Several other wells (10-2N. P-1. 13-16N. 13-10N. P-10, and 
GJ84-12) consistently averaged 0.4 mg/l or above, throughout the year. 

Arsenic contamination is localized in the vicinity of the buried tailings 
area. The concentrations. range from 0.16 to 0.45 mg/l, in Wells 14-6N. 
GJ84-2, GJ84-1, and the North Well during calendar year 1986. The average 
annual arsenic levels for other wells in this vicinity (GJ84-12, 13-1ON, 
12-7N. and the South Well) ranged from 0.06 to 0.30 mg/l. Well GJ84-12 was 
the only well near the buried tailings area that consistently contained less 
than 0.1 mg/l arsenic. 

Selenium contamination appears to be greatest in the south end of the 
facility. Data from Wells 3-3S, 10-2N, 6-2N, 1-9s. 8-4S ,  7-6s. and P-1 
indicate average concentrations of 0.087 mg/l in January, 0.06 mg/l in April, 
0.092 mg/l in July, and 0.129 mg/l in October. 
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Although the potentiai for radium contamination is a concern due to the nature 
of the buried waste, the conditions of high pH, high sulfate, and low barium 
in the alluvial aquifer lead to little or no radium migration. Only the dike 
ditch contained concentrations above the 5 pCi/l drinking water standard. 

. The arinking-water standard for nitrate-nitrogen is 10 mg/l, and several wells 
contained concentrations exceeding this limit. All of these wells are located 
roughly between Wells 1-9s (east of Building 3 4 )  and ll-l2N(D) (near the North 
Pond). None of the perimeter wells contains high levels of nitrate. 

COLORADO WATER-QUALITY STANDARDS 

State of  Colorado water-quality standards, as specified in the Colorado Water 
Quality Control Act, were reviewed with'respect to contamination detected on 
the GJPO facility. Table 111-2 presents the range of numerical standards for 
some of the contaminants found in the underlying gravel aquifer. There is no 
Colorado standard for molybdenum: however, the National Academy of Sciences 
(1972) has recommended an agricultural-use standard of 0.01 mg/l. 

Table 111-2. Colorado Water-Quality Standards ' 

for Selected Elements 

Maximum Contaminant Level 
(aepending on use class and alkalinity) El emen t 

Arsenic 
Se leni urn 
Uranium 
Radiurn-226 and -228 

0 . 0 5  - 0.1 mg/l 
0.01 - 0.05 mg/l 
0.03 - 1.4 mg/l 

5 . 0  pCi/l 

As the table demonstrates, application of these standards is complicated by 
the promulgation of varying contaminant levels for many trace elements, the 
applicable standard being dependent on the use classification and alkalinity 
of the water. The thrust of the Colorado statute is to clean up existing 
polluted'waters and to prevent further degradation of any State waters. The 
shallow gravel aquifer underlying the GJPO facility is contaminated at levels 
that make it unfit for agricultural purposes, the lowest use class defined. 
However, the language in the Act seems to exempt past practices. In other 
words, since the shallow aquifer is not being used €or any purpose, it may be 
interpreted that the Department of Energy is not mandated to clean it up. On 
the other hand, existing operations are not permitted to cause further 
degradation. 

Contamination of the Gunnison River is another matter. The regulations 
clearly prohibit any facility Prom degrading the quality of a State river. 
Hence, it is important to know how much contaminated water enters the river 
and wnether the leveis are increasing or decreasing. These questions are 
addressed in Appendices D and P. Environmental Assessment  of Remedial A c t i o n  
a t  t h e  Grand Junct ion P r o j e c t s  O f f i c e  F a c i l i t y ,  Grand J u n c t i o n ,  Colorado 
(Draft) (UNC, 1987). 
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Section IV 

MONTICELLO, UTAH, MILLSITE 
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WATER Q U A L l T Y  

SAMPLING PROCEDURES 

Groirndwater and s u r f a c e - w a t e r  saniples  were c o l l e c t e d  a t  t.he Monticel  l o  si t e  i n  
. June  and Oc tobe r  of  2986 u s i n g  a p e r i s t a l t i c  piinip, a b l a d d e r  piinip, or a T e f l o n  
b a i l e r  (Appendix A ) .  Samples r e q u i r i n g  f j l t r a t i o n  were f i l t e r e d  throiigh ii 

0.45-pni f i l t e r  i n  l i n e  w i t h  t h e  c o l l e c t i o n  v e s s e l .  Tlie saniples  were t h e n  
p r e s e r v e d  a s  r e q u i r e d  and a n a l y z e d  acc:ordi n g  t o  p r o c e d u r e s  p r e s c r i b e d  i n  Kortc! 
and Ealey  (1983), Kor te  and Kear l  (1985), and Enviroriment.nl P r o t e c t i o n  Agericy 
( E P A )  s t a n d a r d s  (U.S. Envi ronmen ta l  P r o t e c t i o n  Agency,  1979a, 1979b. 1980, 
1982a, 1982b). 

SURFACE WATER 

C h a r a c t e r i z a t i o n  of A a c k ~ r o u n d  

Rackgroiinil surface-water qual i t y  h a s  been mon i to red  f o r  some years  a t  t h e  s i t e  
l a b e l e d  W-3 i n  F i g u r e  IV-1. T h i s  s a m p l i n g  p o i n t  i s  l o c a t e d  ea s t  of t h e  c u l -  
v e r t  iinder [J.S. Highway  163. IJpsLreant saniples ( s i t e  1-1) have a l s o  Lweri 
c o l  l e c t e d  t o  v e r i f y  t h a t  t h e  W-3 s i t e  a c c u r a t e l y  represents  the background 
w a t e r  qual  i t y  o f  Montezuma Creek ( K O I . ~ . ~  arid Thi t l  , 1982, 1 9 8 3 ) .  

' I n  b o t h  1986 san ip l ings ,  s u r f a c e  w a t e r  a t  s i t e  W-3 was c h a r a c t e r i z e d  by low 
l e v e l s  of  t o x i c  elements o r  m i l l - t a i l i n g s - r e l a t e d  c o n t a n i i n a n t s .  Elenients n o t  
d e t e c t e d  o r  found i n  v e r y  low c o n c e n t r a t i o n s  i n c l u d e  A s ,  Ra, C r ,  F e ,  Mn, Mo, 
Pb ,  Se,  U ,  V ,  and Z n .  No Ra-226 was d e t e c t e d .  The pH was 7 . 7  i n  b o t h  
sampl i ngs , spec i f i c  c o n d u c t a n c e  r anged  from 460 t o  3250 pmhos/cni, arid 
a l k a l i n i t y  from 135 t o  153 me;/] ( a s  C a C 0 3 ) .  

S u r f a c e  Water Con tamina t ion  

Permanent s u r f a c e  water on t h e  Government p r o p e r t y  c o n s i s t s  o f  p e r e n n i a l  f l ow 
i n  Montezuma C r e e k  and i n  t h e  drainage between t h e  c a r b o n a t e  and vanadium 
p i l e s  ( d r a i n a g e  d e s i g n a t e d  W-2 on t h e  map i n  F i g u r e  I V - 1 ) .  T h e r e  is in t e r -  
m i t t e n t  water i n  s e e p s  s o u t h  o f  t h e  c a r b o n a t e  and  vanadiiini p i l e s  and eas t  o f  
t h e  a c i d  p i l e .  The vanadium and a c i d  p i l e  s e e p s  c o n t a i n  water i n  t h e  S p r i n g  
due t o  t h e  mel t ing of  snow. The s e e p  a d j a c e n t  t o  t h e  vanadium p i l e  g e n e r a l l y  
c o v e r s  a n  area up t o  5 s q u a r e  meters t o  a d e p t h  o f  15 t o  30 centimeters. The 
acid p i l e  s e e p  i s  c o n t a i n e d  by a small dam a n d ,  when f u l l ,  is a p p r o x i m a t e l y  
Pour t imes  l a r g e r  i n  area than  t h e  vanadium p i l e  s e e p .  

The s e e p  a d j a c e n t  t o  t h e  c a r b o n a t e  p i l e  Corms a s m a l l  pond c o v e r i n g  a p p r o x i -  
nta t e l  y 15 s q u a r e  meters. T h i s  pond con t a  i ris water throiighou t the Suntnier and 
s u p p o r t s  a few c a t t a i l s ;  t y p i c a l l y ,  i t  i s  t h e  o n l y  one  of  t h e  three seeps t h a t  
c o n t a i n s  w a t e r  d u r i n g  t h e  dry s e a s o n s .  

A d i v e r s i o n  d i t c h  was c o n s t r u c t e d  n o r t h  of  t h e  e a s t  t a i l i n g s  p i l e  i n  1984 w i t h  
a view t.o d j v e r t i n g  some w a t e r  away from t h e  p i l e s  and t h e r e b y  d e c r e a s i n g  the 
volume o f  c o n t a m i n a t e d  water t h a t  s e e p s  o u t  of t h e  p i l e s .  Visiial  o b s e r v a t i o n s  
d u r i n g  1985, however,  d i d  n o t  i n d i c a t e  any d e c r e a s e  j n  w a t e r  i n  t h e  v a r i o i i s  
s e e p s  and s m a l l  d r a i n a g e s  t h a t  s u r r o u n d  t h e  p i l e s .  
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Sanipl i n g  o f  t h e  vanadium and c a r b o n a t e  seeps was conduc ted  d u r i n g  A u g i i s t  1986. 
The vanadium p i l e  seep coritairied 52.6 mg/l U and 360.0 mg/l V. The c a r b o n a t e  
p i l e  s e e p  cont .a ined 2.3 mgil U ,  0.79 nig/l Mo, and 14.0 mg/l V. Subsequen t  
s a m p l i n g  o f  t h e  carbonat-e  p i l e  s e e p  ( O c t o b e r )  y i e l d e d  s i m i l a r  r e s u l t s .  

Montexirnia Creek f lows  tlirough t h e  niiddle o f  the p r o p e r t y .  A s  ment ioned 
e a r l i e r ,  f l ow is p e r e r r n i a l ,  a l t h o u g h  i t  can be qu iLe  low d u r i n g  t h e  l a t e  
Sunittier. There can also be s u b s t a n t i a l  f l o o d i n g  w i t h  high f l o w s ,  as  W H S  

o b s e r v e d  i n  t h e  S p r i n g  o f  1983. R e s u l t s  of  p r e v i o u s  s t u d i e s  ( K o r t e  and 'Thiil, 
1982, 1983) i n d i c a t e  t.hat uranium contaminat . ion of  t h e  c r e e k  is obse rved  p r i o r  
t o  t h e  p o i n t  a t  which t h e  creek t r a v e r s e s  t h e  t a i l i n g s  p i l e s .  However, 
c o n c e n t r a t i o n s  o f  b o t h  molybdenum and u r i i n i i i m  a r e  t y p i c a l l y  h i g h e r  o f f  s i t e ,  
d e m o n s t r a t i n g  t h a t  c o n t r i b u t i o n s  from the a l l u v i a l  a q u i f e r  t o  Montezuma Creek 
o c c u r  t o  t h e  g rea t e s t  e x t e n t  downstream from t h e  Governnient p r o p e r t y .  

Montezuma Creek 

Seeps  from t h e  s h a l l o w  a q u i f e r  are  v i s i b l e  a l o n g  t h e  creek below t h e  d r o p  
s t ruc ture .  Creek f low i n c r e a s e s  f o r  a p p r o x i m a t e l y  2 k i l o m e t e r s  and is  pe ren -  
n i a l  a l o n g  t h i s  s t r e t c h .  The W-4 sanipl iiig s i t e  is l o c a t e d  a p p r o x i m a t e l y  100 
nieters d o w n s t r e a s  froni the e a s t  boiindary of  t h e  p r o p e r t y .  E x c e p t  under  condi-  
t i o n s  of  v e r y  h i g h  f l o w ,  a s  d u r i n g  it s t o r m  event. o r  Spr ing  r u n o f f ,  cont.snijna- 
t i o n  l e v e l s  f r e q u e n t l y  exceed  S t i l t e  o f  Utah s t a n d a r d s  ( f o r  fur ther  d i s c i r s s i o n ,  
see t h e  s e c t i o n  e n t i t l e d  Wate r -Qua l i ty  S t a n d a r d s ) .  

Samples have r o u t i n e l y  been c o l l e c t e d  a t  what i s  kriown a s  t h e  Sorenson  s i t e ,  
l o c a t e d  a p p r o x i m a t e l y  2 k i l o m e t e r s  downstream from t-he Government p r o p e r t y .  
I t  h a s  been a p p a r e n t  from d a t a  comparison t h a t  l i t t l e  d e c r e a s e  i n  contamina-  
t i o n  i s  o b s e r v e d  between t h e  W-4 s i t e  arid t h e  Sorenson  s i t e .  The s h a l l o w  
a q u i f e r  is c o n t a m i n a t e d  a s  f a r  downgrad ien t  as  i t  h a s  been sampled ,  and t h u s  
m a i n t a i n s  h i g h  c o n c e n t r a t i o n s  of t h e  t o x i c  elements i n  Montezuma Creek f o r  ii 
c o n s i d e r a b l e  d i s t a n c e  o f f  s i t e .  The downstream w a t e r  q u a l i t y  o f  Montezuma 
C r e e k  i s  d e s c r i b e d  i n  d e t a i l  i n  t h e  1983 Envi ronmen ta l  M o n i t o r i n g  Repor t  
( K o r t e  and T h u l ,  1984). 

GROUNDWATER 

A1 l u v i a l  A q u i f e r  Upgrad ien t  

S h a l l o w - a q u i f e r  background g r o u n d w a t e r - q u a l i t y  d a t a  have been a c q u i r e d  from 
Wel l s  19 ,  44, 43, and 20 (see F i g u r e  IV-2). Elemen t s  n o t  d e t e c t e d  or found i n  
v e r y  low c o n c e n t r a t i o n s  i n c l u d e  A s ,  Ra, C 1 ,  F e ,  Wo, Pb,  S e ,  V ,  Zn ,  and Ra-226. 
T r a c e  e l e m e n t s  found i n  s i g n i f i c a n t  c o n c e n t r a t i o n s  i n c l u d e  Mn ( 0 . 6  t o  1:O 
nig/l) and U (as milch as 0.23 n ig / l ) .  The pH ranged  from 8.8 t o  7.2, s p e c i f i c  
conduc tance  from 800 t o  1000 ,uunihos/cni, arid a l k a l i n i t y  from 192 t o  343 mg/l. 
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Alluvial Aquifer On Site 

The shallow aquifer is contaminated by the mill-tailings piles (Table IV-1). 
In general, the highest concentrations are found in the vicinity of the 
carbonate and vanadium piles. Note that the high uranium content of Well 36A 

the private property immediately east of the Government property (Table IV-2). 
-on the east side of the east tailings pile is reflected in offsite Well 1 on 

Table IV-1. Contamination in Shallow Onsite Monitoring Wells 

Contaminant Concen t rat ion" 
As c1 Fe Mn MO NO+-N Ra-226 Se so 4 U V 

We1 1 

30A 0.03 46 0.32 2.3 0.09 (1.0 - 0 .01  395 0 . 2  0.74 

308 0.16 113 0.21 2.8 0.47 (1.0 - 0.07 556 0.6 4 . 3  

30C 0.13 67 0.03 2 . 1  0.37 2.0 t1 0.09 446 0.4 3.8 

36A (0.005 96.5 (0.1 11.8 0.79 15.3 14.5 (0.005 2640 4.4 0.53 

40A 0.07 95 .7  0.32 3 .41  0 .35  (0.23 5.3  0.007 594 1.0 0.45  

41 2.2 1519 0.06 0.87 33.55 178 - 1.6 3490 4.8 6.5 

456 (0.05 14.1 0.19 0.17 (0.03 7.0 - t0.005 302 0.02 (0.05 

aAll results are in,mg/l except those for Ra-226 which are in pCi/l. 
Results represent averages where two samplings were made in 1986. 

Table IV-2. Contamination in Shallow Offsite Monitoring Wells 
. .  

Contaminant Concentra tiona Well 
As Fe Mn Mo NO1-N Ra-226 Se U V 

0.03 (0.03 4.89 0.53 33.3 (0.2 0.009 3 .4  1.07 

(0.005 (0.03 0.81 0.05 1.0 - 0.01  0 .2  0.08 

t0.005 0.03 0.01 t0.03 4.0 - 0 .01  0.1 (0.05 

58 0.01 CO.03 0 .12  (0.05 27.0 - 0.02 0 .4  0.38 

9 (0.005 0.15 0 .81  0.12 1 .o - 0 .01  0.5 tO.05 

13 tO.005 0.26 0.16 (0.05 (1.0 - (0.005 0 . 5  t0.05 

*All results are in mg/l except those for Ra-226 which are in pCi/l. 
Results represent averages where two samplings were made in 1986. 
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A 1 1 uv  i a 1 A q u  i fer  Downgrad i en t 

The shallow-aqui f e r  moni tcir-ing wells on t h e  p r i v a t e  p rope r ty  e a s t  of t h e  
Government p rope r ty  are contaminated with uranium, molybdenum, vanadium, and 
seleniuni.  T h e  d a t a  present.ed i n  Tahle  TV-2 denionstrat.e t h a t  conceritrat . ions of 
t.hese elenients remain high throughout the yenr .  T h i s  a q u i f e r  i s  t h e  niiijor 
water  s~ i i rce  f o r  t h e  c reek  d u r i n g  t h e  dry months, o f t e n  caiising t.he creek t o  
niaintain r e l a t i v e l y  high l e v e l s  of conCaniiriatiorl d u r i r ~ g  those pericids.  Two of  
t hese  w e l l s ,  9 arid 13, a r e  l oca t ed  its f a r  e a s t  o f  the  Government p rope r ty  a s  I 
k i lome te r  and a r e  s t i l l  s i g n i f i c a n t l y  coritaniinatetl (Table  I V - 2 ) .  

WATER-QUALITY STANDARnS 

The Surpli is  F a c i l i t i e s  Management Program O f f i c e  has d i r e c t e d  t h a t  the follow- 
ing  s t anda rds  w i l l  apply t o  the sur face-water  and groundwater q u a l i t y  a t  
Mori t.ic:el l o  (White,  1983) : 

e EPA Standards  f o r  Remedial Act ions  a t  I n a c t i v e  Uran.iiini Process ing  Si  tes  ( 4 0  
CFR P a r t  192)  

e EPA S a f e  Dr.irikirlg Water' Act. ( 4 0  CFR ParLs 1 4 1 ,  1 4 2 ,  arid 1 4 3 )  

I n  adtli t i o n ,  Execut ive Orde r  12088 nlnndntes t h a t  Federal Covernrnerit r a c i  1 i l i e s  
comply w i t h  S t a t e  s t a n d a r d s .  Thus,  the Utah Water P o l l u t i o n  Control Act 
(1978) m u s t  a l s o  be addressed  wi th  r e spec t  t o  remedial  a c t i o n  a t  t h e  
Mont ice l lo  s i t e .  

Stir face  Wa t e r  

According t o  t h e  U t a h  Water P o l l u t i o n  Control Act, Moriteziima Creek m u s t  
p ro t ec t ed  fo r  domest ic  use (class I C ) ,  a q u a t i c  l i f e  ( c l a s s  3 ~ ) ,  and agr 
c u l t u r a l  use (class 4 ) .  The  domestic-use c l a s s i f i c a t . i o n  is a resul t  of  
d r i n k i n g  water  be ing  removed from t h e  San Juan River  a t  the town of Mex 
Hat ( R e i c h e r t ,  1983); Moritesuma Creek is  a t r i b u t a r y  of the Sari Juan .  

be 
- 

can 

Table  I V - 3  conlpares t h e  average  concen t r a t  ions of t he  suspec ted  contaminants  
found in Montezuma Creek wi th  the  a p p l i c a b l e  water -qua l i ty  s t a n d a r d s .  
Numerical s t a n d a r d s  have n o t  been promulgated f o r  some of the  elenients ;  t h u s ,  
the p o t e n t i a l  v i o l a t i o n  of U tah ' s  a q u a t i c - l i f e  and a g r i c u l t u r a l - u s e  s t anda rds  
i s  open t o  i n t e r p r e t a t i o n .  

A d e t a i l e d  d i s c u s s i o n  of p o t e n t i a l  h e a l t h  e f f e c t s  is included i n  t he  Dra f t  
Environmental .Assessment f o r  t h e  Mont ice l lo  M i l l s i t e  ( B e n d i x  F i e ld  Engineeririg 
Corpora t ion ,  1985). The paragraphs  t h a t  fo l low eva l i ia te  the concen t r a t ions  of 
i n d i v i d u a l  e lements  Found i n  t h e  s u r f a c e  water  wi th  r e s p e c t  t o  t h e  re levar i t  
numerical  s t a n d a r d s .  

Urariiuni - The S t a t e  of Utah has e s t a b l  ished n s t a n d a r d  of  15 pCi/l g ros s  a l p h a  
f o r  class 1C wa te r s .  Results o f  ana lyses  of Montezuma Creek demonstrate  t h a t  
iiraniiim is t h e  on ly  a l p h a  emitter found i n  s i g n i f i c a n t  concen t r a t ions .  Gross 
a l p h a ,  based only on t h e  uranium contaminat ion c o n t r i b u t e d  by t h e  p i l e s ,  
i i sual ly  exceeds t h e  s t a n d a r d  by a t  l e a s t  a f a c t o r  of  s i x  f o r  up t o  10 
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Table IV-3. Coniparison o f  Monteziinia Creek Cont.aniination and Relevant 
Wiiter-Qual i t y  Standards 

Contaniiriant Concentrat ion ( n i E / l ) "  
A S  Fe $111 MO NO3 -iv Se [J  V Soiirce 

MONTEZIJMA CREEK CONTAbITNATION 

RRckEroiirid 
(S.i t.e W-3) (0.005 (0 .03 (0.017 (0.05 3 . 0  ( 0 . 0 0 5  (0.003 ( 0 . 0 5  

S i t e  W-4 t o .  005 (0.03 (0.035 ~ 0 . 0 5  3.5 0.016 0.10 0.221 

So r e  iisoii 
S i t.e ( 0 . 0 0 5  (0 .03 0.051 0 .057  3 . 0  0.007 0.20  0.105 

WATER-QIJALITY STANDARDS 

IJ t.iIh : 
Ilcrnies 1. i c 
llse ( 1 C )  0 . 0 5  b 

IJ tah : 
Agr i C I I  1 - 
t u r e  ( 4 )  

c c 10 0.01 (: 

0 .1  h C 1: c 0.05 (; 

Safe  
nrirtking 
W i l  t.e I' A C  t 0.05 C (: c 10 0.01 c (: 

"Resul t.s r ep resen t  averages f o r  sanipl es col I ectetl d u r  i fig two i i i o r i  i L o r i  ng 

b I n s u f f i c i e n t  evidence t o  warrant  e s t ab1  ishnient of it riunierical stnridnr-d; 

c No 1 egnl guidance.  

t r i p s  in .June arid October 1986. 

1 i m i t . s  a r e  ass igned on a case-by-case b a s i s  ( S t a L e  of  Utah, 1978) .  

k i  lonieters dnwnstrei im from t h e  s i t e .  However, a f t e r  approximately 6 . 5  
k i lome te r s ,  there is a na tu ra l  c o n t r i b u t i o n  from t h e  Morrison Forniation 

Arsen.ic A v s e n i c  contaniination has been dett?cted iis f i i r  ilownsLream as t.he 
Sorenson s i t e .  However, no a r s e n i c  was de t ec t ed  i n  1986. 

Seleniiini Tn previous yea r s ,  seleniuni concen t r a t ions  i i s i i i i l  l y  exceeded t h e  
s t anda rds  For the f i r s t  3 kilomeLers downstream rrom the s i t e .  I n  1986, 
se le i i i i in i  occiired a t  conceritriit  ions ; i t  o r  below t h e  riirnieri(: s t i~~ id : i rds .  

Riiiliuni-226 Radium-226 contaniiiiation h a s  n o t  bean de tec t ed  i n  any o f  the 
Montezumn Creek siiinples col l e c t e d  over the p a s t  year .  
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Molybdenum and Vanadium - N e i t h e r  of these elements is  s u b j e c t  t o  s p e c i f i c  
numerical  s t a n d a r d s .  However, p r i o r  t o  1985, both were found i n  concent ra -  
t i o n s  which may impair  a g r i c u l t u r a l  use. 

O t h e r s  - No o t h e r  inorgiinic s p e c i e s  a r e  found i n  concen t r a t ions  exceedirig 
iippl ic:iible S t a t e  or Federa l  s t a n d a r d s .  

C rot1 ndwa t e r 

In g e n e r a l ,  contaminat ion i n  the sha l low aqi i i fe r  is greater. t.han t h a t  found i n  
Montezunia Creek ( c f .  Tables  IV-1 and IV-2). T h u s ,  the water  is  probably u n f i t  
f o r  a g r i c u l t u r a l  use. According t o  the Utah Water P o l l u t i o n  Contrwl Act 
( 1 9 7 8 ) ,  t h e  c l a s s  1C d e s i g n a t i o n  a p p l i e s  i f  an aqui fe r '  c o n t a i n s  " a  sufPic ienL 
quaIitiLy [of  wa te r ]  t o  supply  a p u b l i c  s y s t e m . "  S ince  a l l  of  t he  shal low 
w e l l s  y i e l d  only small  amounts of wa te r ,  t h e  c l a s s  1C des igna t ion  is not 
a p p l i c a b l e  t o  the sha l low aquiPer  a t  Mont ice l lo .  

Summary 

As in years p r i o r  t.o 1985, t h e  S t a t e  of Utah staridar-(1s for  surfac:e water. were 
exceeded i n  MontezumH Creek as a r e s u l t  of contanlirlation from the tililirles 
p i . l e s .  The sha l low a q u i f e r  remains coritanlinated, but  contai l is  too l i t t l e  
wat.er t o  have any p o t e n t i a l  f o r  b e n e f i c i a l  use. 

AIR QUALITY 

RADON FLUX AND ATMOSPHERIC TRANSPORT 

E x t e n s i v e  measurements of  radon. contamjnat ion from the t.ai 1 ings  piles were 
conducted du r ing  '1984. T h e s e  i nclutfe on-pi l e ,  s i te-boundary , and o f f  - s  i t e  
Track Etch@ measurements, as well as a d d i t i o n a l  on- and o f f - p i l e  radon-flux 
measurenients. R e s u l t s  of these measurements a r e  presented  i n  deLai l  in the 
Draft EnvironmentaI  Assessment f o r  the Monticello Mil l s i t e  (Rendix F ie ld  
Engineer ing Corpora t ion ,  1985) .  The d a t a  denionstrate t h a t  t h e  EPA s tandard  
f o r  radon emiss ions  from i n a c t i v e  urariium p rocess ing  s i t e s  js exceeded a t  a l l  
fou r  t a i l i n g s  p i l e s  a t  t h e  Mont ice l lo  s i t e .  

AIR PARTICULATES 

T h e  hackground p a r t i c u l a t e  burden i n  the  Mont ice l lo  area can be i n f e r r e d  from 
information ga thered  a t  r u r a l  s i t e s  throughout t h e  western United S t a t e s  
(F locch in i  and ot .hers ,  1981; Hal l ,  1981; Korte  and Moyers, 1978; Mesa County, 
Colorado,  Health Department,  1979). I n  two of these  s t u d i e s  (F locch in i  and 
o t h e r s  arid Mesa County, Colorado, Health I lepnrtment) ,  d a t a  were c o l l e c t e d  
w i t h i n  50 t o  100 miles of Mont ice l lo .  Resu l t s  of  a l l  o f  t h e  i n v e s t i g a t l o n s  
demonstrate  t h a t  t h e  average  p a r t i c u l a t e  mass i n  western, r u r a l ,  h igh-deser t  
l o c a t i o n s  is 15 t o  25 ,ug/m3. T h e s e  s t u d i e s  a g r e e  t h a t  most of t he  p a r t i c u -  
l a t e  mass is s o i l  m a t e r i a l ,  wi th  only  minor c o n t r i b u t i o n s  o f  anthropogenic  
o r i g i n .  However, de t e rmina t ion  of contaminants  r e l a t e d  t o  uranium m i l l  
t a i l i n g s  was not addressed  i n  any of these i n v e s t i g a t i o n s .  

34 



Van De S teeg  arid o t h e r s  (1982)  d e s c r i b e  t h e  concen t r a t ion  and d i s t r i b u t i o n  of 
r ad ionuc l ides  in  a i r b o r n e  p a r t i c u l a t e s  from t h e  Ambrosia Lake uranium d i s t r i c t  
i n  N e w  Mexico. Average c o n c e n t r a t i o n s  a t  background l o c a t i o n s  were approxi-  
niately 5 t o  10 c(g/m3 o f  U-238 iind 0 . 1  t o  0 . 5  pCi/ni3 of Ra-226. These 
va lues  r ep resen t  t h e  c l o s e s t  approximation of a h i s t o r i c a l  r eco rd  f o r  
Mon t i ce  1 l o .  

Sarripl i iig Fletliotf and Resill ts 

Tnhalable  p a r t i c u l a t e  samplers  based on t h e  des ign  by Wedding (1982)  were 
i n s t a l l e d  a t  t h e  Mont i ce l lo  s i t e .  T h e  samplers  a r e  Sierra-Anderson S e r i e s  
300, equipped with corrstant-f  low c o n t r o l l e r s ,  niechairical timers, and S e r i e s -  
320-size s e l e c t i v e  i n l e t s .  Flow-rate c a l i b r a t i o n  i s  accomplished w i t h  a Kurz 
Model 341 e l e c t r o n i c  mass f lowmeter .  

Samplers were opera ted  a t  40 cub ic  feet  p e r  minute (cfm) f o r  24 hour s ,  running 
midnight-to-midnight every s i x t h  d8y. Sample-col lec t ion  media a r e  Whatmari 
Number 41 c e l l u l o s e  f i l t e r s .  

Wind-rose d a t a  col lect .ed on s i t e  have c l e a r l y  i d e n t i f i e d  two p r i n c i p a l  wind 
v e c t o r s  in the a r e a ,  one t o  t h e  e a s t  and one t o  the  n o r t h .  T h u s ,  sampling 
s t aL ions  were loca ted  a l o n g  t h e s e  two d i r e c t i o i i s  as well  as a t  a bnckgroirrid 
s i t e .  

T h e  background s i t e  is l o c a t e d  approximately 0 . 8  k i lome te r  west of t h e  C i t y  of 
Mont ice l lo  near t h e  pumphouse b u i l d i n g  f o r  t h e  c i t y  water  s u p p l y .  ~ T h e  i n t a k e  
p o r t  f o r  t h i s  sampler is 3 meters above ground level.. The a r e a  west: of t h i s  
s i t e  is mostly n a t u r a l  deser t  itrid mountainous t e r r a i n .  There a r e  1 1 0  nearby 
i n d u s t r i a l  a c t i v i t i e s .  

T h e  e a s t  s i t e  is l oca t ed  on t h e  eastern edge of t h e  e a s t  t a i l i n g s  p i l e .  The. 
sampler was placed on a s t e e l  tower such t h a t  t he  i n t a k e  was niounted approxi-  
niately 3 nieters above ground l e v e l .  

T h e  nor th  s i t e  is loca ted  on the west s i d e  of t h e  C i t y  of Mont ice l lo  cemetery 
grounds.  Th i s  l o c a t i o n  is 300 meters no r th  of the t a i l i n g s  a r e a  a t  an 
e l e v a t i o n  100 meters above the  p i l e s .  T h e  sampler i n t a k e  i s  4 nieters above 
grourrd l e v e l .  

A i r - p a r t i c u l a t e  sampling f o r  3986 was i n i t i a t e d  on 9 May. (Sampling had been 
suspended du r ing  t h e  pe r iod  November 1985 t o  May 1986 due t o  inclement  
weather.) A t o t a l  of 68 samples were c o l l e c t e d  in 3986. O f  t h e s e , s a m p l e s ,  
only three conta ined  radium-226 concen t r a t ions  above d e t e c t i o n  l i m i t s .  Two of 
the samples were c o l l e c t e d  a t  t h e  e a s t  s i t e  and one a t  t h e  no r th  s i t e ;  a l l  
d e t e c t e d  radiiim-226 c o n c e n t r a t i o n s  were near d e t e c t i o n  l i n i i  t s .  Urrlriiuni was 
not d e t e c t e d  a t  any of t h e  sampling s i tes .  Addi t iona l  cover  on the p i l e s ,  
r e s u l t i n g  from cleanup of Mont ice l lo  v i c i n i t y  p r o p e r t i e s ,  may have had some 
e f f e c t  on t h e  dec rease  of  a i r b o r n e  contaminants  observed d u r i n g  t h e  1985 and 
1986 moni tor ing  season as compared w i t h  t h e  h ighe r  1984 va lues  (Kor te  and 
Wagner, 1985) .  
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POTENTIAL HEALTH EFFECTS 

Population dose conimi tments and poten t ja l  toxic  e f f e c t s  of  nonradiologic 
contaminants associated w i t h  the Monticello s i t e  a r e  discussed i n  the Draft 
Environmental Assessment for the Monticello Njllsite (Rendix Field Engineering 
Corporation, 1985). Results ind ica te  that  detrimental  r~di01op; ic  health 
ef f e c t s  a r e  indistir iguishable froni those r e s u l t i n g  froni backgroiind. 

Although contaminant leve ls  were low i n  1986, there is  some poten t ia l  for  
toxic  e f f e c t s  from nonradiologic contaminants in the shallow unconfined aqui- 
f e r  and i n  Montezuma Creek. However, there  have been no inc idents  reported.  
Tlic! po ten t ia l  f o r  t o x i c i t y  was derived front ii coniparison of contaminant l e v e l s  
w i t h  recommended s a f e  l i m i t s  as pub1 ished i n  the technical 1 i t e r a t u r e  ( e . ~ . ,  
Nat ional Acadeniy of  Sciences,  1 9 7 2 ) .  For example, the molybderiuni concentra- 
t ion  i n  Montezunia Creek f o r  the f i r s t  2 kilometers downstream typica l ly  
exceeds suggested limits f o r  da i ry  c a t t l e  intake and recommended limits for  
i r r i ga t i on wa t e r . 
limits f o r  p ro tec t ion  of dairy c a t t l e  and f r e q u e n t l y  exceed limits f o r  i r r i g a -  
t ion  water.  Vanadium concentrations regularly exceed suggested l i m i t s  Cor t h e  
p ro tec t ion  of  dait*y c a t t l e ,  aqua t ic  l i f e ,  and i r r i g a t i o n  water. The suggested 
l i m i t s  €or beef c a t t l e  a r e  a l s o  exceeded a t  times. Since the creek i s  used 
both f o r  i r r i g a t i o n  and f o r  watering l ives tock ,  the poteii t ial  for  toxic 
e f f e c t s  nieriks f u r t h e r  s t u d y .  

Se 1 en i iim c o w  en t ra t i o n s  genera 1 1 y exceed the s iigges t ed 

CONCLUSTONS 

Hydrologic condi t ions a t  Monticello r e s u l t  i n  the movement of contaminants 
i n t o  t.he underlying a l l u v i a l  aqui fe r  and downgradient from the t a i l i n g s  a rea .  
Reniedial ac t ion  w i l l  address the  extensive contamination i n  Monteziima Creek. 
T h i s  contamination exceeds numerical stillidartis s e t  by the S t a t e  of  Utah and 
extends €or  a t  l e a s t  6 .5  kilometers downstream from the m i l l s i t e .  
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Appendix A 

ANALYTICAL DATA SETS F3R WATER SAMPLES FROM 
GRAND JUNCTION PROJECTS OFFICE FACILITY AND MONTICELLO MILLSITE 

. This appendix presents analytical results of  the groundwater monitoring 
program conducted at the Grand Junction Projects Office facility and the 
Nonticello millsite. Determinations were made by the LNC Chemistry 
Laboratory. Below detection limits is designated by a minus sign ( - ) ,  except 
in Eh values. 
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Tabla  A-1. Arinlyl.jca1 Data Set for Water Snmples From Grand Junct ion Projects Office  
Fac i 1 j t y  and Gunn i son R i ver  , January 1986 

S p e c i f i c  C l k a i i n i t v  
Concen t ra t i on  (mg/ l )  Conductance Eh Tern:, CaC03 

L o c a t i o n  Na K Ca Mg C1 SO4 NO3 PO4 As Ma Se V U !pmho/cm!a pH (mV)a (*C) (mg/l) 

1 -9SA 
1 -9S8 
10-2NA 

' 10-2N8 
11-12NA 
11-12N8 
12-7NA. 
? 2-7N8 
13-10N 
17-13N 
3-3N8 
3-3s 
5-1 2NA 
5-1 2N8 
6-2N 
7-6s 
9-6N 
D ike  D i t c h  
GJ84-1 

GJ86-2 
GJ86-3 
GJ84-4 
GJ86-5 
GJ84-6 
GJ84-7 
GJ84-8 
GJ86-3 
Gunnison (D)b 
Gunnison (U )b  
Nor th  Pond 
Nor th  Wel l  
P-1A 
P-1A 
P-10 
P-6A 
P-6 
P-8 
South Wel l  
Gunnison ( M )  
South Pond 
GJ86-10 
GJ86-11 
P-?A 
P-3A 
P-7 
P-9 
3-3NA 
8-45 
8-6s 
8-65 
10-19N 
11-1s 
11-15N 
13116A. South 
12-16R. N o r t h  
i 4-6NA 
1 Q-BNB 
1 Q -  13NA 
i 6 -  13NR 
15-17N. 
17-13N 

- GJ86-12 

360 
304 
830 
590 
36 1 
358 
214 
214 
455 

. 123 
527 
658 
39 1 
390 
31 1 
258 
268 
284 
228 
406 
744 
477 

1120 
1350 
201 
938 
920 
430 

8.06 
8.96 

16.2 
14.3 
9.68 
9.56 

14.5 
14.6 
19.1 

10.2 
3.68 

9.66 
7.30 
7.58 
9.66 
6.06 
7.06 

26.9 
15.9 
19.9 
11.7 
20.6 
16.6 
18.9 

11.6 
4.26 

8.46 
8.70 

34.0 2.32 
33.0 2.30 

l i 3 0  29.2 
166 16.3 
325 6.74 
322 6.84 
006 10.8 

1450 25.7 
414 7 .84  
326 8.88 
211 16.1 

32 2.32 
155 8.06 
399 5.24 
166 2.70 
457 11 .2  
335 9 04 

1140 !5 .6  
50.4 3.06 

674 10.3 
436 10.6 
463 10.5 
462 10.6 

1580 22.6 
710 13.3 

1200 16.7 
2010 21.8 
1170 21 .2  

103 13.0 
2 1 6  15 .2  
514 i 8 . 3  
2 4 4  12.2 

1040 1 5 . 0  
124 3 . 7 8  

146 
218 
49 1 
429 
244 
242 
196 
207 
401 

268 
268 
362 
353 
281 
188 

199 
181 
428 
2 i 3  
376 
385 
428 
176 
514 
106 
; 37 

85.2 

1 as 

24.8 
56 .2  

214 
139 
73.6 
73.8 
42.0 
42.8 
53.2 
26.6 
69 .8  

100 
133 
131 
81.8 
74 .0  
80.0 
56 .0  
36.8 
66.8 
25.4 
77.6 
71.8 

57.6 

26.2 
20.4 

170 

189 

42.3 
54.6 

188 
190 
140 
142 
174 
175 
189 

141 
197 
225 
230 
111 

102 

143 
208 
130 
200 
226 
392 
152 
502 

9 . 5  

63.7 

66.1 

40.1 
25.7 

60.8 21.8 5 . 6  
59 21.8 5 . 5  

258 196 411 
112 16.6 35.9 
183 37.4 64.3 
180 37.8 66.1 
422 :OO 136 
399 269 510 
120 22.4 70.0 
224 79.6 133 
183 64.8 109 
58.8 21.8 5.7 
38.4 15.8 160 

141 30.0 101 
81.6 23.8 7.6 

409 115 394 
195 29 .6  54.0 
i 6 9  105 304 
112 28 8 7 . 4  
315 5 8 . 0  130 
437 98.2 135 
639 97.8 131 
422 97.0 130 
485 238 522 
357 156 120 
530 178 503 
452 153 610 
389 98.4 258 

56.4 11 .8  1 2 . 4  
10.5 30 .0  91.9 
360 7 2 . 9  ? I C  
272 ?0.6 158 
302 7 0 . 0  1p.5 
39.4 2 5 . 0  9.7; 

928 
1060 
3010 
2300 
1070 
1070 
513 
527 

1620 
618 

1610 
1840 
1570 
1650 
1230 
779 
773 

1110 
527 

1630 
1670 
1590 
2920 
3640 

686 
2920 
2100 
1020 

-1 
26 .O 

308 
91.6 
67 
69 .1  
-1 
-1 
3 

-1 
23.3 
73.7 

5 
12.1 
72.2 
77.1 
80.6 
-1 
-1 
16.1 
-1 
26.7 
-1 
-1 
-1 
-1 
-1 
-1 

-0.1 
-0 .1 
0 .9  
0 . 1  
0 . 1  
0 . 1  
6 .9  
6 .8  
0 .2  

-0 .1  
0 . 1  

-0.1 
-0 .1 
-0.1 
-0 .1 
-0.1 
0 .4  

-0.1 
4 .2  
0 . 3  
0.2 
0 . 3  

-0.1 
-0.1 
-0.1 
-0.1 
-0.1 
-0 .1 

186 3 -0.1 
187 3 -0.1 

3300 3 -0.1 
474 -1 1.3 
979 3 -0.1 
971 3 -0.1 

1870 3 -0.1 
-0.1 4080 -1 

390 18.9 0 . 1  
992 94.7 0 . 5  
733 -1 5.6 
l a 7  3 -0.1 
235 - 1  1 . 3  

1360 - 1  -0.1 
169 - 1  0 .2 

1860 4 -0.1 
1040 -1 -0.1 
3150 -1 0. i 

-0. ? 
1640 -1 -0 .1 
1990 11.8 0 .2  
1960 13.7 -0 .1 
1970 13.8 0 .2  
4380 - 1  - 0 . 1  
2510 713.5 -0 .1  

0 . 1  3500 1 
2020 - 1  0 . 2  
3040 3 0 . 2  

2013 10 0.0 
690 - 1  0 . 5  
IC60 5 0 . 1  
7359 16.8 -9 .1  
2570 - 1  - 0 .  i 

405 - 1  - 0 . :  

249 - 1  

-0.01 
-0.01 
-0.01 
-0.01 
0.049 
0.037 
0.03 
0.03 
0.08 

-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 

0.33 
0.067 
0.28 
0.046 

-0.01' 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 

0.01 
0.02 
0.28 
0.51 
0.04 
0.04 
0.01 

-0.01 
0.89 
0.03 

-0.01 
0.01 

-0.01 
-0.01 

0.10 
0.19 
0.02 
0.43 

-0.01 
0 .56  
0.03 
0.33 
0.35 
0.18 
0.02 

-0.01 
9.02 
0.01 

-0.01 
.-O.Ol 
-0.01 
0.45 

-0.01 
-0.01 
-0.Oi 
-0.01 
-0.01 
0.020 
0.14 

-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0 .01  
-0.01 
-9.01 
-0.01 
-0.01 
-0.01 
-0.01 

0 . 0 3  
-0.01 

0.190 
0 .  i 7 5  
0.91 

-09.01 
-9.01 
-0 .01  

-0.01 
-0.01 

0.06 
0.05 
0.39 
0.39 
0.46 
0.06 
0.02 
0.02 

-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 

0.16 
0.30 
0.19 

-0.01 
i .48 
1.65 
1 .P8 
0.16 
0.24 
0.?3 
0.02 
0 . 3 1  
0.05 
0.04 

0 .26  
0.31 
0 . 0 3  

0 . ~ 3  

-0.005 -0.01 
0.049 -0.01 
0.064 -0.01 
0.054 -0.01 
0.045 0 .19  
0,045 0 . 1 8  
-0.005 -0 .01 
-0.005 -0.01 
-0.005 0.17 
-0.005 -0.01 

0.033 -0.01 
0.063 0.01 

-0.005 -0.01 
0.014 -0.01 
0.085 0.01 
0.074 0.01 
0.021 -0.01 

-0.005 -0.01 
-0.005 -0.01 
-0.005 0.20 
-0.005 0.01 
-0.005 0.17 
-0.005 -0.01 
-0.005 -0.01 
-0.005 -0.01 
-0.005 -0.0: 
-0.005 -0.01 
-0.005 -0.07 
-0.005 -0 .01 
-0.005 -0.01 
-0.005 -0.01 
-0.005 0.01 

0.043 -0.01 
0.044 -0.01 
0.046 0.30 
-0.005 -0 .01 
-0.005 -3.01 
0.035 0 .12  

-0.005 0 .02  
-0.005 -0.01 
-0.035 -0.01 
-0.005 -0 .01 
-0.005 -0 .01 
-0,005 -0.01 
-0.005 4 . 0 1  
-0.005 -0.01 
-0.005 0.06 
-0.005 -0.01 

0.224 0.66 
0.224 0.66 
0.232 0 .70  
-0.005 -0.01 

0.039 0 .01  
-0.005 -0.01 
-0.005 -0.01 
-0.005 0 . 0 2  
-0.005 0 . 0 2  
-0.005 0.08 
-0.005 0 . 0 2  
-0.005 0.03 
-0.005 -0.01 
-0 .005 -0.91 

0.062 
0.5 
2.7 
2.6 
0 . 4  
0 .5  
0.002 
0.002 
2 . 0  
0.063 
0.041 
0 ,080 
0.059 
0.056 
0 .6  
1 .a 
0 .3  
1 .7  
0.003 
1.8 
0.057 

1.2 
0.7 
0.020 
0.063 
0.015 
0.012 
0.005 
0.005 
0 . 7  
0.035 
1 . 2  
1.3 
3 .6  
0 . 2  
0.098 
0 . 4  

-0 .1  
0.005 
0 . 1  
0.008 
0.006 
0.048 
0 . 5  
1 . 6  
0 . 2  
0.039 
2 . 8  
2.6 
2 . 1  
1 . 3  
1 . 7  
1 :5 
0 . 3  
1. ;  
0.046 
0 .3  
1 . 3  
0 . 9  
1 . G  
0.043 

o.a 

1800 
1860 
4380 
3240 
2275 
2266 
1696 
1674 
2688 

910 
2583 
3038 
2565 
2640 
2156 
1792 
1853 
1716 
1664 
2880 
2976 
3136 
3350 
5198 
1518 
4590 
2985 
1963 
115 
413 

3900 
1215 
1696 
1696 
2880 
5738 
1782 
2108 
1600 
402 

1001 
2125 
990 

2625 
1980 
4615 

813 
2375 
3105 
3105 
3105 
7260 
3782 
5805 
7625 
5280 

558 
1460 
2938 
271 1 
4375 

010 

7 .9  
7.35 
7 . 1  
7 . 1  
7 . 1  
7.05 
7 . 0  
7 . 0  
7.05 
7 .4  
7.5 
7.3 
7.35 
7 . 0  
7.5 
6.8 
7.15 
7.2 
7 . 2  
7.1 
7 . 3  
7 . 1  
7 . 2  
7.2 
7 . 3  
6.95 
7.55 
7.6 
8 . 0  
8.7 
7 .6  
7.05 
7.75 
7.75 
6 .9  
7.25 
7 . 7  
7.05 
7 . 1  
8 
9 . 3  
7 .7  
7.15 
7 . 5  
7 . 0 5  
7 . 3  
7 . 0  
7.65 
6 . 9  
6 . 9  
6 . 0  
7 . 3  
7.05 
7 . 1  
6 . 9  
7 . 1  
7 . 2  
7 . 0  
7 . 0  
7 . 0 5  
7 . 3  
7 . 4  

+125 
+160 
+160 
+180 
+150 
+160 
-80 

-110 
+160 
+ l o o  
+145 
+160 
+175 
+150 
+170 
+150 
+145 
+190 

-90 
+115 

-50 
+125 
+130 

+10 
+160 

-25 
+140 .  

-50 
+180 
+180 
+190 
-60 

+170 
+170 
,190 
+ l o o  
*170 
-160 
-115 
+180 
*170 

+ 80 
+30 

+160 
-30 
-70 
+40 

+140 
+180 
+180 
+180 
-80 

+160 
+50 

-390 
-320 
+ l 6 0 '  
-50 
+roo 

-50 
-150 
+loo  

15.5 
16.5 
15.5 
15.5 
12.5 
12 
13 
14 
13 
12.5 
14.5 
14.5 
11 
i 2  
16 
13 
20.. 5 

5 
13 
13 
14 
13 
11.5 
11 
12 
11 
13.5 
11.5 
2.0 
2 .5  
5 

11 
13 
13 
13 
11 
12 
16 
13 
3 
5 . 5  

14 
12 
14 
12 
12.5 
14 
16 
11 
11 
11 
12 
15 
11 
il 
12 
13.5 
? ? . 5  
16  
10 
1 4  
.c) - 
IL.3 

.. . 
-.  

. I  

. .  
1 

. .  

259 
27 1 
479 
60 1 
39 1 
380 
646 
643 
4 05 
168 
243 
279 
348 
368 
289 
386 
410 
213 
473 
407 
40.4 
38 1 
675 
514 
217 
517 
334 
233 
129 
? 17 
223 
1s7 
283 
283 
319 
424 
283 
594 
303 
127 
84 

155 
449 
235 
327 
515 
235 
224 
339 
339 
339 
57 2 
36 1 
659 

2915 
7 2 5  
196 
34 9 
J17 
390 

I 516 
; 68 

A - 3  



Table A - 2 .  A n i i l y t i c a l  Data S e t  for Water. + ~ n y l e s  From Grand J u n c t i o n  P r o j e c t s  Office 
Facility and Gunnison River, April 1986 

A l k a l i n i t y  S p e c i f i c  
Concen t ra t i on  (mg/l) Conductance Eh Temp CaCD3 

(mg/ l )  !pmho/crn)a pH (mV)a ( ' 2 )  Loca t ion  Na K Ca Mg C1 SO4 NC)? PO4 AS MO Se V U 

1 -9SA 
4 -9S8 
10-2NA 
10-2N8 
11-12NA 
11-12N8 . 
11-15N 
11-1s 
12-7NA 
12-7N8 
13- 16N8 
14-13NA 
14-13N8 
14-6NA 
14-6N8 
3-3s 
6-2N 
5-65 
8-4s 
9-6N 
GJ84- 1 
GJ84- 10 
GJ84-11 
GJ8A-2 
Gunnison (U) 
Nor th  Pond 
P-10 
P-2A 
P-3A 
P-38 
P-6 
P-7 
P-8 
P-9 
South Pond 
South Wel l  
sunnison ( ~ ) b  
Gunni son (M) 
Dike  D i t c h  
Dike D i t c n  
P - l A  
P - 4 A  
3-3NA 
3-3N8 
5-  1 2NA 
5 - ?  2N8 
13-10N 
GJ84-3 
GJ84-6 
GJ84-7 
GJ84- 12 
Nor th  Wei l  

GJ84-5 
CJ84-8 
si94-0 
17- 1314 
io-19N 
15- i7N 
13-16NA 

GJ84-4 . 

367 
267 
700 
576 
36 2 
348 

1450 
448 
2 36 
237 

1180 
53 1 
722 
7 37 
1 89 
610 
31 1 
257 
A17 
320 
213 
418 
186 
285 
21.6 

1160 
315 
476 
196 
419 
382 

1180.  
363 

219 
191 

40.0 

22.2 

e.04 
7.92 

13.5 
14.3 
9.52 
9.14 

8 . 9 6  
19.7 

14.4 
13.8 
19.7 
17.3 
14 .4  
14 .0  
11.9 
9.52 
9.54 
5.50 

7.94 

4.80 
3.52 

10.7 

15.6 

148 
225 
320 
419 
247 
243 
4? 1 
192 
212 
222 
306 
36 1 
398 

125 
265 
24 1 
192 
395 
232 
240 
108 
133 

73.6 

23.2 
74.0 

152 
7 36 
77.4 
74.6 

77.2 
37.2 
37.6 
80.8 
77.8 
78.8 
17.2 
20.0 
94.2 
73.2 
64 .0  

187 

101 
9e.4 
36.8 
25.4 
41.8 

47.6 
62.3 

157 
175 
140 
132 
495 

166 
166 
228 
178 
200 

81 .o  

35.9 
47.7 

179 
119 

156 
133 
135 

55.7 

99.6 
17.6 

925 
1060 
2330 
2260 
1230 
1110 
3820 
1390 
335 
338 

2710 
1820 
1920 
286 
338 

1810 
1170 
766 

1930 
1170 
519 
982 
421 

0 .5  
0 . 5  
2 . 1  
3 . 0  
0 . 4  
0 .4  
1 . 4  
0.5 
0.004 
0.004 
1 . 3  
1 . 3  
0 .2  
0 .1 
0 . 3  
0.089 
0 . 6  
1 . 6  
2 . 3  
0.004 
0.006 
5 .7  
0.011 
0 . 1  

-0.003 
0.8 
0.8 
0.067 
1 . 2  
1.2 
0.088 
0.029 
0 . 5  

-0.003 
0.1 
0.005 

-0.003 
-0.003 

0 . 7  
0.8 
2 . 1  
0 .3  
0 . 0 3 r  
0.040 
0.064 
0.068 
1.8 
1 . 5  
C .  040 
0.100 
1 . 5  
0.028 
0,900 
0.500 
0.018 
0.016 
0.036 
1.200 
1.200 
3.200 

1980 
2140 
3900 
3720 
2540 
2570 
6750 
2730 
1650 
1660 
5280 
3320 
3780 
1060 
1220 
35:O 
2390 
1810 
3350 
2470 
1780 
2100 
1410 
1890 
302 

5020 
2510 
3320 
1320 
2950 
1860 
5080 
2480 
630 

1350 
1680 
a62 
366 

1460 
1 A60 
2120 
6100 
2990 
297C 
3110 
3050 
2860 
2990 
2440 
6350 
2660 

89 1 
4224 
1900 
3300 
2196 

826 
6175 
4750 
6400 

7.75 +160 
7 . 4  +145 
7.05 +155 
7.15 +160 
6 . 9  +160 
7 . 1 5  +160 
6 . 9  +30 
7.25 +140 
6 . 8  -120 
7 . 0  -140 
7 . 1  -30 
7.25 -50 
7 .3  -30 
6 . 9  -120 
6 . 9  -110 
7 . 3  +155 
7.45 +165 
6 . 8  +130 
6 . 7  +180 
7 .1  +150 
7 . 0  -100 
7.2 +165 
6.9 +155 
6 . 8  -100 
7 .4  + l A O  
8 .15 +zoo 
6.9 +160 
7 . 5  +160 
7 . 2  -70 
7 . 1  -1iO 
7.65 +155 

7.25 7.1 +150 +170 
6 . 8  +60 

10.4 +loo 
7 . 2  -132 
7.6 +I80 
7 .3  +160 
8.2 +155 
8.2 *155 
7.65 +185 
7 . 4  -20 
7 . 7  -80 
7.65 -53 

0 . L I I  +15@ 
7 .3  +125 
7.05 +160 
7.05 -155 
7 . 2  + l k 5  
7 .2  -10 
7 . 1  *160 
7 .3  -65 
7 .3  +150 
7 . P  i 6 0  
7 . 7  +130 
7.5 +A0 
7 . 1  +130 
7 . 2  -40 

" >c 

10.7 7 .25  -215 -150 

;5.5.  
!5 
75:s 
15 . 
i d  . 
12 , 

17 . 
12.5:  
13.5.  
13 
12 ~ 

14 .5  
13 
12 
1 1  
17 .. 
78 . 
13.5. 
11 . 5 .  
22.5:  
1 4 . 5  
15.5- 
14.5 
12 

14 
.2 
14.5.  
12 . '  
10.5.. 
73 ' 

14 
1.4 
10.5 
14.5 '  
11.5 
7 
9 

a . 5  

1 3 . 5 .  
13.5': 
!4.5 
15 
15 
14 . 
15 
13.5 
12.5 
? 3 . 5  
15 ' 
13.5 
15 . 
10.5 
12 
7 1 . 5  
13 .5  
15 
75.5 
12.5 
13 
1'- 

264 
275 
389 
375 
377 
364 

273 
498 
478 
620 
427 
452 
282 
334 
293 
300 
382 
3 5  
365 
448 
168 
540 
424 
85 

seo 

230 
302 
223 
242 
408 
287 
550 
373 
270 

72 
323 
;18 

125 
196 
196 
290 
4 30 
235 
259 
385 
3 t 5  
39 1 
433 
252 
603 
400 
167 
029 
397 
229 
:45 
7 28 
56 1 
298 

1506 

-1 -0.10 -0.01 -0.01 -0.005 
51 -0.10 -0.01 -0.01 0.039 
88 0.65 -0.01 0;406 0.058 
72 -0.10 -0.01 0.552 0.069 
66 0.27 0.034 0.026 0.035 
72 0.28 0.037 0.022 0.038 

3 -0.10 -0.01 0.285 -0.005 
8 -0.10 -0.01 0.284 -0.005 

-1 4 .5  0.150 -0.01 -0.005 
-1 4.9 0.132 -0.01 -0.005 

1 -0.10 -0.01 0.027 -3.005 
-1 -0.10 -0.01 0.452 -0.005 

1 -0.10 -0.01 0.518 -0.005 
-1 0.39 0.21 0.044 -0.005 
-1 0.23 0.12 0.055 -0.005 
73 -0.10 -0.01 0.028 0.065 
IO -0.10 -O.O? 0.093 0.089 
40 -0.10 -0.01 0.239 0.048 

8 -0.10 -0.01 0.748 0.032 
107 0.40 -0.01 0.020 0.033 
-1 3 .5  0.24 -0.01 -0.005 
-1 -0.10 -0.01 -0.01 -0.005 
-1 -0.10 -0.01 -0.01 -0.005 

-0.01 
-0.01 
-0.01 
-0.01 

0.184 
0.169 

-0.01 
-0.01 

0.01 
-C. 01 

0.020 
0.014 
0.027 
0.013 
0.095 

-0.01 
-0.01 
-0.01 
0.592 
0.011 
0.010 

-0.01 
-0.01 

18.1 237 27.0 146 611 -1 -0.10 0.16 0.023 -0.005 -0.01 
2.04 

6 . 6 8  

5.90 

7.02 

9.32 
2 . 3 t  

29.8 

11.9 

72.1 

16.3 

1: . 3  
1 4 . 5  
2.06 

41.4 13.6 3.5 
265 201 421 
285 70.4 35.5 
4 4 4  127 358 
124 20 .8  16.8 
403 98.2 52.5 
1 oc 18.4 41.7 
41 1 95.4 259. 
239 89.2 142 
118 24.2 4.7 
59.8 14.2 245 
72.7 40.2 110 
41.3 13.8 3 .5  

94.3 2 -0.10 
2 -0.10 3120 

1360 -1 -0.10 
2070 70 -0.10 

529 -1 -0.10 
i 700 -1 -0.10 
a4 1 -1 -0.10 

3040 -1 -0.10 
1180 81 0.35 

1 A4 -1 -0.10 
289 -1 0.33 
623 - 1  5 .0  

95.1 2 -0.10 

-0.01 -0.01 
-0.01 0.072 
-0.01 0.431 
-0.01 0.016 
-0.01 0.081 
-0.01 0.058 
-0.01 0.c27 
-0.01 0.401 
0.018 0.033 

-0.01 0.135 
0.017 0.027 
0.097 -0.01 

-0.01 -0.01 

-0.005 
0.005 
-0.005 

0.012 
-0,005 
-0.005 
-0.005 
-0.005 
0.032 

-0,005 
-0,005 
-0,005 
-0.005 

-0: 07 
-0.01 

-0.01 
-0.01 
-0.01 
-0.01 
-0.01 

0.267 

0.117 
0.070 
0.016 

-0.01 
-0.01 

22.8 2.03 4 1 . 4  13.6 5 . 4  101 
221 
225 
332 

1400 
169 
501 
418 

415 
401 
246 

1170 
357 
132 

1000 
315 
858 
426 
101 

1360 
230 

i760 

383 

19 
18.9 

22.8 
10.4 

6.96 

9.56 
7.38 
7.46 

19.2 
18.9 

12.7 
17.9 
12.8 
1 2 . 1  

5.32 

.? 3 
i / . .  I 

7.86 
R . J d  
3 .  ; 2  
16.1 
IC.? 
20. :  

98 32.3 37.9 see 
98.8 32.2 38.3 637 

199 42.4 72.8 1000 
387 237 A78 3950 
297 55.4 117 1640 
243 65.4 123 1510 
345 :30 206 1580 
339 i 2 6  201 1460 
36 1 56.2 178 1470  
380 68 193 1550 
288 99.6 !72 1250 
546 228 677 3600 
393 5 1 . 4  1 7 4  1330 

73.8 11 .2  16.6 364 
248 54.6 207 2250 
189 75.2 :29 2OtO 
70 .6  1 2 . 2  39 iG20 

i d 7  2 0 . 2  33 .2  7080 
6 5 . 2  :o.o 5 . 3  343 

436 192 252 3990 
216 7 6 . 3  Z36 3020 
357 . 193 3?5 3130 

4 -0.10 
-1 0.19 
-1 0.11 
22 -0.10 
- 1  -0.10 
-1 -0.10 
22 -0.10 

9 -0.10 
11 -0.10 
5 0.13 
6 0.20 

-1 -0.10 
-i -0.10 

2 -0.10 
- 1  0 . 9 8  
- 7  -0 .10  
- 1  -3.10 
- 1  -0.. 10 
-1 - 0 . 1  
- 1  -0 .1  
- 1  -9.1 
- 1  - 0 . i  
- 1  0 .29 

-0.01 -0.01 -0.005 
0.043 0.590 0.011 
0.039 0.605 G.010 

-0.01 0.536 0.075 
-0.01 0.008 -0.005 
-0.01 -0.01 -0.005 

0.026 -0.01 -0.01 
-0.01 -0.01 0.015 
-0.01 -0.01 0.020 
3.0.48 0.725 -C.O05 
0.074 0.635 -0.005 

-0.01 -0.01 -0.005 
-0.01 -0.01 -0.005 

0.062 0.733 -0.005 
0.318 0.051 -0.005 

-0.005 0.225 -0.005 
-0.005 0.099 -0.005 
-0.005 0.011 -0.005 
-0.005 -0.01 -0.005 
0.014 -0.01 -0.005 
0,073 0.190 -0.005 
0.078 0.354 -9.005 

-0.005 -3 .0  1 -.?. 005 

0.012 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
0.079 
0.227 

-0.01 
-0.01 

-0.01 
-0. 0 i  
-0.01 
-0.01 
-0.01 
-0 .01  
-0.01 
-9.01 

0.156 

0.624 

"'rlherc! I:mho/cm = rnicrmnno per c c n t i v e r c r :  mV 2 m i ? i i v o i t .  
hCunnison R ive r  samoj inq Iocar ior , :  = eiownstroarn. !J = uost resm. M .I: m i t i - t a c i l i t y .  A - 5  



Table A - 3 .  A I ~ H ~ Y L ~ c H I  DaLa S e L  for Wnt.c?r- Samliles From Grand J u n c t i o n  P r o j e c t s  O f f  i ce  
F a c i  1 i Ly niid Gunaison River, J u l y  1986 

- 
Oeoth Ark- Specific 

Eh Temp to H20 -CaC03 Concentration (mg/l) Conductance 
Loca t ion Ne K Ca Mg C1 SO4 NO3 PO4 As MO Se V U (pnho/cm)a pH ('C) (f:) (mg/1) 

1 -9SA 
1 -9SA 
1 -9S8 
10-2NA 
10-2NB 
11-1s 
11-12NA 
11-12NA 
17-12N8 
11-15N 
12-7NA 
12-IN8 
13-10N 
13-16N 
14-13NA 
14- 13NA 
14-1 3N8 
14-6NA 
14-6N8 
3-3s 
3-3s 
3-3NA 
3-3N8 
5- 12NA 
5- 1 2N8 
6-2N 
1-65 
8-45 
9-6N 
Dike Ditch 
GJ84-1 
GJ84-10 
GJ84-11 
GJ84-12 
GJ84-2 
GJ84-3 
GJ84-6 
GJ84-7 
Gunnison (DIb 
Gunni son ( M )  0 

Gunni son ( M )  
Gunni son (U )  
North Pond 
North Well 
P-1A 
P-10 
P-2A 
P-3A 
P-4A 
P-6 
P-7 
P-8 
P-9 
South Pond 
South Well 
GJ84-4 
GJ84-5 
GJ84-8 
GJ84-9 
10-19N 
13-16N 
15-17N 
17-13N 

434 10 201 
437 10 206 
293 8.6 362 
605 12 235 
539 13 340 
179 3.1 34 
406 10 275 
409 10 279 
408 1 1  274 
1380 18 582 
177 15 164 
181 15 165 
502 19 310 

611 20 420 
635 19 419 
736 14 268 
86 1 1  44 
85 7 . 3  41 
504 9.2 232 
491 9.3 228 
509 1 1  291 
518 10 230 
425 7.5 332 
417 8.2 342 
311 9.2 251 
108 2.4 52 
473 12 418 
496 1 1  336 
195 19 82 
220 18 210 
467 3.6 104 
202 2.9 144 
482 21 355 
333 18 189 
456 20 368 
288 5.5 400 

22 1.6 39 
22 1.6 52 
22 1.6 52 
24 1.6 57 

1390 40 314 

036 19 2e5 

.1410 14 606 

37 60.4 
37 61.4 
114 87.6 
104 104 
106 125 
14 12.6 
81 133 
87 140 
82 143 
184 517 
27 166 
37 175 
42 126 
68 195 
82 187 
84 190 
66 164 
10 7.2 
10 4.1 
E2 120 
82 117 
59 105 
71 114 
125 194 
:28 211 
80 96.1 
21 10.2 
105 146 
129 156 
29 20.8 
42 114 
24 102 
43 16.0 
57 160 
25 130 
72 165 
131 170 
232 1210 
15 3.1 
15 3.1 
14 3.2 
16 3 . 4  
266 504 

120 14 64.6 10 9.7 
430 7.8 250 52 63.7 
118 3.4 64 18 11.9 
508 1 1  391 121 257 
205 6.2 96 !I 15.7 
1410 25 385 232 431 
404 7.5 106 21 38.0 
840 12 265 52 115 
400 10 269 96 132 
28 1.7 74 21 3.5 
458 19 112 41 352 
200 16 162 40 78.2 
555 8.5 105 24 75.8 
491 7.8 88 31 88.0 
737 7 . 0  76 19 40.8 
414 8.5 i46 22 43.1 
1510 17 391 139 307 
1660 23 322 92 265 
1180 14 254 64 126 

7 79 2.4 , 50 13 

1090 
1130 
1370 
1700 
1810 
325 
1210 
1200 
1200 
4190 
293 
290 
1370 
2360 
2020 
2020 
1880 
152 
156 
1460 
1440 
1560 
1500 
1460 
1460 
1060 
247 
1820 
1660 
289 
660 

357 
1400 
680 
1400 
1510 
3450 
136 
135 
137 
140 

3990 
293 
1170 
29 1 
1760 
498 
3710 
799 
1620 
1220 
141 
653 
663 
1070 
1530 
1640 
1060 
3130 
2590 
2350 
221 

982 

55 
54 
226 
46 
35 
-1 
71 
69 
45 
-1 
-1 
-1 
- 1  
-1 
- 1  
-1 
- 1  
-1 
-1 
66 
67 
-1 
28 
3 
7 
77 
-1 
8 

105 
3 

-1 
-1 
- 1  
8 

-1 
20 
2 

-1 
7 
6 
6 
13 
1 

-0.1 -0.005 
-0.1 -0.005 
-0.1 -0.005 
0.6 -0.005 
-0.1 -0.005 
-0.1 -0.005 
0.3 0.027 
0 . 3  0.026 
0.2 0.026 
-0.1 -0.005 
4.8 0.13 
4.6 0.12 
0.1 0 . 0 7 3  
-0.7 -0.005 
-0.1 0.008 
-0.1 0.006 
-0.1 0.006 
1.1 0.17 
0.4 0.088 
-0.7 -0.005 
-0.1 -0.005 
0.2 -0.005 
-0.1 -0.005 
-C.1 -0.005 
-0.1 -0.005 
0.1 -0.005 
-0.1 -0.005 
0.1 0.006 
0.7 -0.005 
4.0 0.18 
3.8 0.30 
-0.1 -0.005 
-0.1 -0.005 
0.2 0.042 
-0.1 0..28 
0.2 0.038 
-0.1 -0.005 
0.4 -0.005 
-0.1 -0.005 
-0.1 -0.005 
-0.1 -0.005 
-0.1 -0.005 
-0.1 0.010 

-1 0.9 0.36 
21 -0.1 -0.005 
-1 -0.1 -0.005 

3 0 . 3  -0.005 
-1 -0.1 -0.005 
-1 -0.1 -0.005 
-1 -0.1 -0.005 
-1 -0.1 -0.005 
90 0.4 0.021 
-1  -0.1 0.007 
2 1.5 0.018 

-1 4.6 0.12 
-1 -0.1 -0.005 
-1  -0.1 -0.005 
-1 0.1 -0.005 
- 1  -3.1 -0.005 
-1  -0.1 -@.005 
- 1  0.5 0.008 
- 1  -0.1 -0.005 
- 1  -0.1 -0.005 

0.050 
-0.050 
-0.050 
0.44 
0.70 
0.17 
0.070 
0.070 
0.070 
0.41 
-0.050 
-0.050 
1.1 
0.45 
0.57 
0.46 
0.74 
0.050 
0.060 
-0.050 
-0.050 
-0.050 
-0. os0 
-0.050 
-0.050 
0.12 
0.22 
0.88 
-0.050 
0.16 
-0.050 
-0.050 
-0.050 
0.77 
-0.050 
0.45 
-0.050 
-0.050 
-0.050 
-0.050 
-0.050 
-0.050 
0.080 
-0.050 
0.63 
0.30 
-0.050 
0.080 
0.050 

-0.050 
0.32 
-0.050 
0.11 
0 . 3 3  
-0.050 
0.30 
0.07 
-0.05 
-0.05 
0.11 
-0.05 
0.21 
-0.05 

0.047 
0.050 
0.063 
0.030 
0.062 
-0.005 
0.041 
0.043 
0.045 
-0.005 
-0.005 
-0.005 
-0.005 
-0.005 
-0.005 
-0.005 
-0.005' 
-0.005 
-0.005 
0.059 
0.056 
-0.005 
0.029 
5.014 
0.018 
0.10 
0.006 
0.026 
0.042 
-0.005 
-0.005 
-0.005 
-0.005 
0.006 
-0.005 
0.016 
0.008 
-0.005 
-0.005 
-0.005 
-0.005 
-0.005 
-0.005 
-0.005 

0 . 3 3  
-0.005 
0.007 
-0.005 
-0.005 
-0. 005 
-0,005 
0.042 
-0.005 
-0.005 
-0.005 
-0.005 
-0.005 
-0.005 
-0.005 
-0.005 
-0.005 
-0.005 
-0.005 

-0.050 
-0.050 
-0.050 
-0.050 
-0.050 
-0.050 
0.17 
0.78 
0.18 
-0.050 
-0.050 
-0.050 
0.12 
-0.050 
-0.050 
-0.050 
-0.050 
-0.050 
0.090 
-0.050 
-0.050 
-0.050 
-0.050 
-0.050 
-0.050 
-0.050 
-0.050 
1 .o 
-0.050 
0.050 
-0.050 
-0.050 
-0.050 
0.25 
-0.050 
0.22 
-0.050 
-0.050 
0.050 
0.050 
-0.050 
0.050 
0.050 
0.050 
0.050 
0.22 
0.050 
0.050 
0.050 
0.050 
0.050 
0.12 
0.050 
0.050 
0.050 

-0.05 
-0.05 
-0.05 
-0.05 
-0.05 
-0.05 
-0.05 
-0.05 

0.1 
0.112 
1 .o 
1 .o 
2.7 
0.2 
0.4 
0.2 
0.3 
1.4 

-0.003 
-0.003 

1 
? . 3  
0.8 
0.9 
1.1 
0.051 
0.083 
0.055 
0. G57 
0.028 
0.037 
0.048 
0.044 
1 .o 
0.3 
1.4 
0.4 
0.2 
-0.003 
0.006 
0.008 
1 . o  
0.040 
0.7 
0.047 
0.079 
0.003 
0.003 
-0.003 
0.003 
0.7 
0.020 
1.5 
0.2 
0.058 
0.2 
0.2 
0.053 
0.6 
0.2 
0.043 
0.053 
-0.003 
0.4 
0.8 
0.011 
0.012 
0.4 
0.1 
1 . 1  
0.019 

2981 
2981 
3538 
3739 
2413 
1295 
2895 
2895 
2935 
926 
2073 
1179 
3395 
5436 
3860 
3860 
4420 
663 
632 
369 1 
369 1 
3642 
3498 
3518 
3800 
2771 
948 
3827 
3848 
1472 
1554 
2593 
1636 
3257 
2523 
2740 
3518 
7772 
437 
453 
453 
450 
9449 
965 
3136 
1262 
4101 
1264 
8849 
2469 
4109 
2999 
4145 
2601 
1828 
3210 
2895 
3827 
2528 
6790 
7238 
5246 
8632 

7.0 +50 
7.0 +50 
6.5 +IO 
6.6 +60 
6.4 +65 
8.2 -220 
6.2 +20 
6.2 +20 
6.2 0 
5.8 +50 
6.2 -100 
6.3 -40 
6.4 +lo0 
6.85 +10 
6.2 +10 
6.2 +10 
6.4 -20 
6.2 -20 
6.2 -30 
6.8 +40 
6.8 +40 
7.1 +60 
7.0 +25 
6.8 +lo0 
6.8 +lo0 
7.2 +50 
6.2 -10 
6.0 +30 
6.5 +50 
7.95 +150 ' 
6.3 -50 
6.4 +30 
5.95 +20 
6.2 +lo0 
6.3 -85 
6.3 +110 
6.8 +20 
6.7 -70 
7.8 +150 
7.8 +150 
7.8 +150 
7.9 +150 
7.9 +160 
6.6 -80 
1.1 +SO 
6.7 +220 
7.35 -140 
6.4 +A0 
6.9 +9G 
7.4 +60 

6.5 +50 
6.2 +50 
7.9 +130 
6.65 -130 
6.9 0 
7.3 -10 
7.3 +150 
6.9 +110 
7 . 0  +90 
6.75 -160 
7 . 0  -100 
6.7 *110 

6.9 +165 

16.5 12.17 
16.5 12.17 
17 17.70 
16 10.6 
16 10.7 
13 15.40 
16 3.72 
16 3.72 
19 3.75 
15 4.75 
13 6.53 
17 7.1 
15 5.62 
'4 4.63 
16 5.99 
16 5.99 
20 6.71 
16 15.26 
14 15.61 
18 11.40 
18 11.40 
15 10.42 
16 10.23 
18 7.83 
16 7.50 
17 12.15 
14 17.16 
15 4.65 
17.5 10.46 
26 
13 6.75 
16 34.48 
15 27.39 
16 5.38 
12 1.46 
17.5 5.61 
15 12.4 
13 . 12.16 
20 
20 
20 
i8 ' 

22.5 
4.90 

16 9.95 
12 14.64 
16 13.5 
14 3.48 
14 7.06 
15 9.11 
14 11.82 
18 4.64 
13 16.27 
28 
17 4.82 
15 6.46 
16 8.43 
15 15.34 
14 18.84 
15 12.99 
16 4.43 
13 15.24 
12 15.31 

.- 
I O  

282 
282 
380 
284 
336 
180 
363 
363 
366 
621 
363 
368 
278 
502 
449 
449 
352 
192 
246 
138 
138 
235 
270 
430 
400 
31 4 
175 
327 
358 
420 
387 
216 
620 
397 
428 
412 
194 
415 
707 
i 38 
138 
104 
237 
420 
322 
202 
? 46 
210 
426 
263 
165 
375 
194 
213 
289 
268 
210 

~ 207 
252 
507 
1156 
528 
136 

'Where pmno/cm = micromno Der centimeter: mV = milivo't. 
bGunnison aiver sampling .ocation. 3 = nownstream. U = uosrream. M = mic-facility. 
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T a b l e  A - 4 .  Ar i i11y t . ic : i i I  D a t a  Set for Water  Samples From Graiid Junction Projects Off  ice 
Facil i t y  and G i i n n i s o n  River,- October 1986 . 

Spec i f i c  Depth A i k a l i n i t y  
Eh Temp t o  H20 CaCD3 _ .  Concentration (mg/ l )  Conductance 

i o c a t  i on . Na K Ca Mg C! Sod NO? POh AS Mo Se V u (pmno/cm)a p~ ( m v I a  ('C) ( f t )  ( m g / l )  

1 -9SA 
1 -9S8 
10-2NA 
10-2NB - -  
11-12NA 
11-12N8 
11-15N 
11-1s 
12-7NA 

i 

12-7N8 
13-10" 
13-16N8 
14-13NA 
14- 13N8 
14-6FiA 
14-6N8 
3-3NA 
3-3NB 
3-3s 
3-3s 
5-1 2NA 
5-1 2N8 
6-2N 
6-2N 
7-6s 
8-45 
9-6N 
Dike Ditch 
Dike D i tch  
GJ84-1 
GJ84- 10 
GJ84-11 
GJ84-12 
GJ84-2 
GJ84-3 
GJ84-6 
Gunnison 
Gunni son 
Gunnison 
North Pon 

. -. . . -- 
380 
3 1 1-.. 
710 
520 
380 
350 

1190 
350 
192 

: 190 
470 
380 
580 
665 

90 
102 
480 
480 
520 
520 

' 380 
380 
310 
310 
150 
420 
330 

. 160 
160 
244 
420 

North W e l l  
P-1A 
P-10 
P-2A 
P-3A 
P-38 
P-4A 
P -6 
P-6 
P-7 
P-8 
P-8 
P-9 
South Pond 
South W e l l  
GJ84-4 
GJ84-5 
CJ84-8 
GJ84-9 
10-19N 
13-16N 
15-!7N 
17-13N 

234 
430 
870 
460 
210 
38 
38 
37 

1330 
137 
350 
200 
450 
220 
270 

i420 
340 
340 
640 
350 
350 
38 

170 
210 
520 
860 
800 
620 

1500 
1300 
1 100 

94 

14.9 160 
18.9 320 
20.0 330 
16.5 400 
15.9 360 
12.0 40 
7.9 48 

10.3 280 
9.9 220 

10.4 260 
10.4 260 
7.5 330 
8.8 370 

10.0 260 
10.0 260 
4.0 92 

10.5 400 
8.0 190 

17.1 100. 
17.1 100 
15.5 160 
4.9 120 

31 
44 
82 
76 
90 

9 
12 
60 
66 

100 
110 
130 
140 
86 
88 
36 
84 
74 
30 
30 

-34 
28 

_.-.. -. . .  -- 
9.2 170 31 52.3 
9.7 -359 .-124 . 81.4 

15.2 310 140 119 
12.9 320 110 123 
10.1 260 78 130 
10.2 240 78 131 
17.0 530 160 426 

14.6 171 36.3 177 
179 
150 
196 
163 
204 

7.6 100 46 47.6 

6.6 
6.6 

1 24 
114 
140 
139 
199 
194 
110 
111 

111 
20.4 

86.2 
13.9 
14.2 

86.3 
3.4 94.2 21.4 15.6 

21.9 360 54 158 
9.9 180 22 125 

23.0 350 74 177 
4 . 4  186 64.8 101 
2.6 72 26 6.1 
2.9 70 25 6.0 
2.5 73 26 5.7 

35.6 290 270 459 
14.2 74.8 11.6 7 7 . 4  
7.6 210 45  62.5 
6.5 120 33 33.2 

7 . 2  100 19 16.3 
7.0 63 20 17.1 

7 . 0  82 18 30.8 
7.: 80 19 31.2 
9.1 120 30 101 
9.7 230 90 128 
9.8 230 92 128 
2.6 98 28 6 . 2  

10.6 54 22 153 

160 

10.9 380 120 273 

26.0 390 260 472 

16.2 180 44 91 . a  
7.8 80 18 76.? 

7.8 76 20 31.4 
8.8 130 21 37.1 

13.4 210 74 :e9 

2 4 . 1  420 180 4 1 7  
21.7 210 80 239 
15.1  280 70 1 7 2  

9 ,  2 .9  54 75 ( . I  

964 
1420 
2030 
1710 
1070 
1050 
3430 

866 
347 
300 

1290 
2380 
1920 
1890 

154 
189 

1500 
1460 
1530 
1540 
148O 
1530 
1130 
1140 
374 

1600 
869 
446 
458 
369 
883 
292 

1370 
1830 
1560 
775 
223 
230 
235 

3670 
390 

1060 
556 

1750 
610 
587 

3760 
704 
760 

1360 
1350 
1060 
250 
209 
680 
924  

2000 
1650 
980 

3830 
2170 
2540 

274 

20 -0.1 
256 0.3 
128 0.7 
33 -0.1 
66 0.3 
60 0.2 

2 -0.1 
1 -0.1 

-1 5.7 
1 5.3 
2 0.2 

-1 0.2 
-1 -0.1 

1 -0.1 
-1 1.1 
-1 0.4 
-1 -0.1 
20 0.2 
70 -0.1 
69 -0.1 

5 -0.1 
8 -0.1 

62 -0.1 
62 -0.1 
10 -0.1 
3 0.3 

75 0.5 
-1 0.9 
-1 1.0 
-i 3.3 
-1 -0.1 
-1 -0.1 
3 0.2 

-1 0.2 
27 0.2 
-1 -0.1 

3 -0.1 
3 -0.1 
4 -0.1 
2 -0.1 

-1 0.4 
11 -0.1 
-1 -0.1 

2 -0.1 
-1 -0.1 
-1 -0.1 
-1 -0.1 
-1 -0.1 
-1 0.1 
-1 -0.1 
7 1  0.4 
79 0.4 
-1 -0.1 
-1 2.9 
-1 5.7 
-1 -0.1 
- 1  -0.1 
-1  0.1 
-1 -0.1 
- 1  0 . 2  

1 0.3 
- 1  0 .1  
- 1  0 -0.7 

-0.005 
-0.005 
-0.005 
-0.005 
0.036 
0.040 

-0.005 
-0.005 

0.140 
0.190 
0.102 
0.006 
0.006 
0.005 
0.248 
0.122 

-0.005 
-0.005 
-0.005 
-0.005 
-0.005 
-0.005 
-0.005 
-0.005 
-0.005 

0.019 
0.006 
0.112 
0.114 
0.305 

-0.005 
-0.005 
0.067 
0.253 
0.043 

-0.005 
-0.005 
-0.005 
-0.005 
0.014 
0.376 

-0.005 
-0.005 
-0.005 
-0.005 
-0.005 
-0.005 
-0.005 
-0.005 
-0.005 
0.020 
0.022 
0.006 
0.009 
0.113 

-0.005 
-0,005 
-0.005 
-0.005 
-0.005 
0.007 
0.010 
0.006 

-0.050 
-0.050 

0.325 
0.605 

-0.050 
-0.050 
0.280 
0.212 

-0.050 
-0.050 

1.18 
0.40 
0.35 
0.52 

-0.050 
0.062 

-0.050 
-0.050 
-0.050 
-0.050 
-0.050 
-0.050 
0.100 
0.094 
0.146 

1.58 
-0.050 

0.646 
0.654 

-0.050 
-0.050 
-0.050 
0.808 

-0.050 
0.230 

-0.050 
-0.050 
-0.050 
-0.050 

0.070 
-0.050 
0.588 
0.430 

-0.050 
0.096 
0.120 

-0.050 
-0.050 
-0.050 

0.280 
-0.050 
-0.050 
0.109 

-0.050 
-0.050 

0.38 
0.18 

-0.025 
-0.025 
0.16 

-0.025 
0.32 

-0.325 

0.027 
0.065 
0.064 
0.086 
0.052 
0.054 
-0.005 
0.007 

-0.005 
-0.005 
-0.005 
-0.005 
-0.005 
-0.005 
-0.005 
-0.005 
-0.005 
0.034 
0.070 
0.070 
0.013 
0.016 
0.398 
0.096 
0.019 
0.410 
0.034 
0.019 ' 

0.018 
-0.005 
-0.005 
.-0.005 
-0.005 
-0.005 
0.017 

-0.005 
-0.005 
-0.005 
-0.005 
-0.005 
-0.005 

0.190 
-0.005 
-0.005 
-0.005 
-0.005 
-0.005 
-0.005 
-0.005 
-0.005 
0.045 
0.046 

-0.005 
-0.005 
-0.005 
-0,005 
-0.005 
-0.005 
-0.005 
-0.005 
-0.005 
-0.005 
-0.005 

-0.050 0.1 
-0.050 1.0 
-0.050 2.5 
-0.050 1.8 
.0.180 0.2 
0.202 0.3 

-0.050 1.2 
-0.050 1.0 
-0.050 0.002 
-0.050 0.002 
0.220 1 . 4  
0.065 1.4 

-0.050 1.2 
0.065 1.3 

-0.050 0.027 
0.125 0.1 

-0.050 0.029 
-0.050 0.035 
-0.050 0.1 
-0.050 0.083 
-0.050 0.055 
-0.050 0.063 
-0.050 0.8 
-0.050 0.7 
-0.050 0.6 

1.68 1.3 
-0.050 0.4 
-0.050 1.1 
-0.050 1.1 
-0.050 0.002 
-0.050 0.006 
-0.050 0.006 
0.210 1.3 

-0.050 0.1 
0.150 0 .5  

-0.050 0.028 
-0.050 0.005 
-0.050 0.004 
-C.O50 0.005 

0.060 0..8 
-0.050 0.017 
-0.050 1.2 

0.27 0.8 
-0.050 0.048 
-0.050 0.3 
-0.050 0.1 
-0.050 0.3 
-0.050 0.046 
-0.050 0.055 
-0.050 0.8 
0.130 0.6 
0.126 0.4 

-0.050 0.055 
-0.050 0.038 
-0.050 0.002 
-0.025 0.4 
0.030 0.4 

-0.025 0.012 
-0.025 0.014 
-0.025 i.l 
-0.025 0.1 
-0.025 1.0 
-0.025 0.017 

- - -. -_ . 
1950 7.6 +180 16 12.99 
2600 
3800 
2500 
2350 
2300 
6000 
1900 
1700 
1700 
2800 
5000 
3600 
3700 

600 
700 

2500 
2800 
3100 

NAO 

1800 
3000 
2500 

NA 
750 

2450 
2500 

780 
780 

1700 
1950 
1100 
3000 
3600 
3400 
1800 
600 
600 
600 

7000 
900 

2200 
1350 
3300 
1200 
1300 
5500 
1600 

NA 
2400 
2500 

NA 
700 

1100 
1730 
2250 
3900 
3050 
2000 
7000 
5000 
3150 
700 

7.0 +170 
6.9 *165 

6.9 *165 
7.2 +150 
7.1 +160 
6.7 +140 
7.2 -100 
7.2 -100 
7.0 +150 
7.1 -300 
7.3 -90 
7.1 -110 
6.35 -130 
6.3 -80 
7.6 -50 
7.4 +50 
1 .2 .  +150 

NA NA 
6.9 +165 
6.8 +60 

7:55 +180 
NA NA 

6.5 +150 
6.6 *165 
7.0 +150 
8.4 + loo  
8.4 +loo 

7.35 -70 
7.4 + i90  
7 . 0  +110 
6.7 +130 
7.6 -30 
7 . 1  +145 
1.3 *140 

8.25 +135 
8.3 *120 

7.75 + loo  
8.2 +150 
7.4 +10 
7.2 +160 
6.8 +150 
7.6 +140 
7 . 4  +160 
7.6 +30 
7 . 2  -20 
7.3 -100 

NA NA 
7 . 2  +so 
7.0 -100 

NA NA 
7.0 +150 
7 . 8  -150 
7.15 -100 
6.9 NA 
6.8 NA 
7.35 NA 
7 . 3  NA 
7 . 1  NA 
6 . 8  NA 
7 . 1  NA 
7 . 4  NA 

-' 6.9-+155' 

. -  

17 
18 
17 
13 
13.5 
15 
15 
17 
17.5 
18 
15 
17 
18 
15 
17.5 
16 
17 
17 
NA 
17 
17.5 
17 
NA 
16 
16 
19.5 

. 18 
18 
16 
14 

17 
15 
18 
16.5 
13 
14.5 
12 
17 
15.5 
18 
15.5 
17 
14 
15 
18 
15.5 
NA 
15 
17 
NA 
15 
17 
15.5 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

9.5 

11.60 
11.46 
11.56 
4.15 
4.20 
5.21 

16.31 
7.37 
6.81 
6.27 
4.6 
9.52 

10.23 
15.69 
16.15 
11 .o 
10.85 
12.30 

NA 
8.44 
8.08 

12.65 
NA 

16.83 
8.22 
7.93 

7.21 
34.67 
28.16 
5.92 
6.79 
6.15 

10.72 

5.28 
16.0 
15.86 
14.28 
3.93 
4.99 
7.94 

10.2 
NA 

12.5 
4.93 
NA 

17 

5.17 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

264 
357 
425 . 
231 -- 
346 
363 
633 - 
256 
574 
534 
366 
554 
405 
357 
170 
187 
134 
175 
274 

NA 
490 
490 
295 

NA 
276 
355 
260 
290 
290 
599 
21 1 
435 
310 
404 
37 1 
280 
170 
165 
220 
330 
210 
278 
255 
235 
192 
219 
474 
253 

NA 
293 
356 

NA 
205 
236 
279 

NA 
NA 
NA 
NA 
NA 
:iA 
NA 
NA 

%nere prnno/cm = micrornno per centimecer: mV = m i i l i v o i t .  
~ N A  = not ave i lao ie .  
CGunnison ? iver  sarnoiing locat ion:  D = gownstream. U wstream. :.I = m i d - f a c i l i t y .  

1 
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Table A - 5 .  A n ~ l y l i c ~ l  nata  Set for' Water Samples From Morit icel loWj1~lsite ,  J U I I ~ ?  1988 

Spec: f i c  A l k a l i n i t y  
Eh Temp Cam3 Concentration (mg/l) Conductance ~ 

Location Na K Ca Mg C1 SO4 NO3 As 8a Fe 2n MO Mn Se V U S i  (pmno/cm)a pH - (mV)a  ('C) (mg/l) 
-_ - - - - - -  ----.. ._ 

13 263 5.0 282 
19 -58--- 2.6 153 
26 Lysimeter -2920 - ____ ,34, .- 435 
26A Lysimeter 2850 20 459 
268 Lysimeter 
30A 
308 
30C 
318-East 
318-West 
41 Long-2-Oup 
41 (tube 4 )  
41 ( tube 3)  
41 (tube 1) 
41 (tube 2) 
42 
43 
44 
45 
45A (tube 3) 
45A (tube 2) 
45A (tube 1) 
$58 
50 - - 
51 
52 
58 
61 
62 
63 
65 
70 
I 1  
72 
13 
7 
8 
9 
Carbonate 

SeeD 
M i l l  1 
M i l l  2 
M i l l  3 
Mont ezuma 
Canyon 

Sorenson 
w-2 
#- 3 
w-4 
W-4 (Dbp) 
20 
71 
36A 
76 
40A 
14 
1 
I 5  

255 
138 
310 
224 
122 
62 

122 
3020 

126 
3040 
2980 

39 
42 
36 
78 
51 
57 

121 
28 
IO 
71 
12.4 

162 
745 
680 
7 26 
317 
54 
61 

178 
70 
51 

196 
133 
767 

500 
58 

104 
34 

26 
2430 

11 
1 1  
'6 
38 
4 1  

1180 
90 

,295 
73 

422 
94 

27 530 
11 164 
40 116 
22 151 
6.0 520 
5.2 272 

17 . 159 
164 74 

18 156 
166 103 
164 110 

4 . 1  141 
2.0 170 
2 . 4  146 
6.8 168 
3.8 238 
3.8 242 
6.5 178 
3.2 172 
3.6 271 
3.3 241 
3.6 239 
7.1 262 

26 293 
24' 403 
16. 229 
21 184 
2.8 56 
3.0 56 

1 4  
25 

67 
134 
28 
28 
28 
89 
41 
25 

107 
26 

101 
98 
22 
24 
23 
30 
38 
38 
32 
24 
41 
31 
40 
63 

160 
226 
123 
41 
12 
12 

128 

127 904 
?1.3 223 
45.5 6360 
32.8 5550 
3 .0  2110 

49.9 384 
107 588 
92.3 446 
40.2 1450 
45.2 501 
44.1 321 

1350 3520 
4 4 . 2  319 

1320 3550 
1250 3400 

8.9 206 
11.4 266 
9.9 211 

29.5 315 
43.1 411 
45.3 427 
40.0 394 
17.3 251 
25.8 594 
49.6 405 
55.5 400 
89.3 676 
69.7 2130 
97.5 3470 
69.4 2420 
58.5 170 
2.8 102 
2.6 100 

4.6 6.6 3.8 45.4 
3.3 4 4 '  11 3.8 
1.8 104 26 14.2 
8.0 394 101 168 

:5 226 50 73.1 
56 39 52 246 

3.3 3.8 1.6 4 4 . 1  
3.1 5.1 4 . 1  4 . 2  
2.4 18 4.6 4.0 
2.3 80 21 2 4 . 1  

2.1 81 14 10.6 

1.0 61 8.5 3.0 
7 . 4  7 4  11 5.7 
1 . 4  1 4  11 5.8 
NAD NA NA 15.6 
NA NA NA 2.9 
NA NA NA 104 
NA NA NA 3.2 
N A .  - NA NA 90.3 
N A .  N A '  NA 3.9 
NA N A .  NA 118 
NA NA NA 4 . 4  

161 65 92 1120 

20.3 
103 
207 

1170 
579 
999 

0.7 
31.2 
36.1 

175 

148 
2710 

108 
111 
38 1 
104 

3410 

579 
110 
988 

86.0 

40.9 

94.5 

-1 
-1 

1380 
1300 

-1 
-1 
-1 

2 
4 
6 

-1 
147 

-1 
172 
216 
-1 

5 
3 

-1 
5 
2 

-1 
I 

70 
-1 
-1 
21 

1 
15 
86 
-1 
-1 
-1 
16 
-1 

1 
4 
1 

-1 

-1 
-1 
-1 
2 

3 
70 
3 
3 
4 
2 . 7  

-0.2 
22.7 
.-of 2 
-0.2 
-0.2 
2.1 

-0.2 

-0.005 
-0.005 

0.051 
-0.005 

0.016 
0.030 
0.15 
0.13 
0.005 
0.005 
0.072 
2.0 
0.073 
1.8 
2 . 1  
0.013 

-0.005 
-0.005 

0.005 
0.005 
0.005 
0.001 

-0.005 
-0.005 

0.005 
0.026 
0.011 

-0.005 
0.005 

-0.005 
-0.005 
-0.005 
-0.005 
0.008 

-0.005 
0.005 

-0.005 
-0.005 

1.5 

-0.005 
-0.005 
-0.005 
-0.005. 

-0.005 
2 .2  

-0.005 
-0.005 
-0.005 
-0.005 
-0.005 
-0.005 

0.006 
0.059 

-0.005 
0.029 

-0.005 

-0.10 
-0.10 
-0.10 
-0.70 
-0.10 
-0.10 
-0.10 
-0.10 
-0.10 
0.15 

-0.10 
-0.10 
-0.10 
-0. :o 
-0.10 
-0.10 
-0.10 
-0.10 

0.12 
-0.10 
-0.10 
-0.10 
-0.10 
-0.10 

0.14 
0.13 

-0.10 
-0.10 
-0.10 
-0.10 
-0.10 
-0.10 
-0.10 
0.62 
0.10 

-0.10 
-0.10 
-0.10 
-0.10 

0.22 
-0.10 
-0.10 
-0.10 

-0.10 
-0.10 
-0.10 
-0.10 
-0.10 
-0.10 
-0.10 
-0.10 
0.17 

-0.10 
-0.10 
-0.10 
-0.10 

0.26 
2.2 

-0.030 
0.033 

-0.030 
0.32 
0.21 
0.031 

-0.030 
0.73 
0.049 
0.052 
0.10 
0,036 
0.061 
1.8 
0.19 
0.44 
3.8 
0.87 
0.42 
5.6 
0.19 
0.036 
2.2 
2.1 

-0.030 
4.1 

80 
0.83 
0.25 
0.18 
0.16 
0.046 

-0.030 
-0.030 

0.032 
0.15 
0.054 

0.11 
-0.030 

2 .2  
-0.030 

-0.030 
0.26 

-0.030 
-0.030 
-0.030 

-0.010 
-0.010 
-0.010 
0.066 
0.14 

-0.010' 
-0.010 
-0.010 
-0.010 
-0.010 
-0.010 
-0.010 
-0.010 
-0.010 
-0.010 
-0.010 
-0.010 
-0.010 

0.17 
-0.010 
0.051 
0.069 

-0.010 
-0.010 
-0.010 
-0,010 
-0.010 
0.014 
0.26 
0.15 
0.016 
0.010 

-0.010 
-0.010 
-0.010 
-0.010 

0.013 
-0.010 
-0.010 

-0.010 
-0.010 
-0.010 
-0.010 

-0.010 
-0.010 
-0.010 
-0.010 
-0.010 

0.17 NA 
-0. 10 14.4 
0.14 NA 

-0.10 NA 
0.22 NA 

-0.10 NA 
-0.10 NA 
-0.10 NA 

-0.050 
-0.050 
0.68 
1.2 
0.80 
0.084 
0.48 
0.39 

-0.050 
-0.050 

2.1 
98 

2.2 
108 
116 
-0.050 
-0.050 
-0.050 
-0.050 
-0.050 
-0.050 
-0.050 
-C .OS0 
-0.050 
-0.050 
-0.050 
-0.050 
-0.050 
-0.050 
-0.050 

0.15 
-0.050 
-0.050 
-0.050 
-0.050 
0.050 

-0.050 
0.11 

124 

-0.050 
-0.050 
-0.050 
-0.050 

-0.050 

-0.050 
-0.030 
-0.050 

112 

0.16 
1 .o  
1.3 
2.8 

-0.010 
2.3 
2.8 
2.1 
0.012 
0.14 
1.6 
0.47 
1.7 
0.33 
0.24 
0.44 
0.27 
0.16 
5.0 
0.25 
0.17 
1.6 
G. 17 
0.G12 
1.7  
2.8 
0.12 
0.24 
0.97 
0.36 
4.1 
0.27 
0.29 

-0.010 
0.16 
0.017 
0.010 
0.81 
0.023 

0.015 
0.011 
0.54 
0.011 

0.051 
0.095 
0.017 
0.036 
0.034 

NA 0.53 
NA 0.28 
NA 13.0 
NA -0.05 
NA 3.04 
NA 0.:1 
NA 4.43 
NA -0.05 

-0.005 
-0.005 

0.35 
0.15 
0.043 
0.010 
0.080 
0.087 

-0.005 
0.008 
0.054 
1.6 
0.052 
1.4 
1.7 
0.011 
0.010 

-0.005 
-0.005 
-0.005 
-0.005 
-0.005 
0.008 

-0.005 
-0.005 
-0.005 

0.022 
-0.005 
-0.005 
-0.005 
-0.005 
-0.005 
-0.005 
0.015 

-0.005 
0.018 
0.009 
0.015 
0.17 

-0.005 
0.007 

-0.005 
-0.005 

0.008 
0.51 

-0.005 
0.023 
0.009 

-0.005 
-0.005 
-0.005 
-0.005 
-0.005 
-0.005 
0.009 

-0.005 

-0.050 
-0.050 

2.9 
72 
-0.050 
0.87 
4.3 
3.8 

-0.050 
-0.050 

0.12 
6.2 
0.090 
6.7 
6.5 

-0.050 
-0.050 
-0.050 
-0.050 
-0.050 
-0.050 
-0.050 
-0.050 
-0.050 
-0.050 
0.10 
0.41 

-0.050 
-0.050 
-0.050 
0.050 

-0.050 
-0.050 
-0.050 
-0.050 
0.063 

-0.050 
-0.050 

0.63 

-0.050 
-0.050 
-0.050 
-0.050 

-0.050 
5.2 

-0.050 
-0.050 
-0.050 

0.3 
0.012 
0.082 
0.092 

18.1 
0.2 
0.6 
0.4 
0.019 
0.044 
0.2 
2.0 
0.2 
6.5 
6.0 
0.010 
0.013 
0.009 
0.013 
0.067 
0.070 
0.056 
0.020 
0.024 
0.048 
0.075 
0.2 
0.043 

-0.003 
-0.003 

0.8 
-0.003 

0.003 
-0.003 
-0.003 
0.2 
0.1 
0.4 
1.4 

-0.003 
-0.003 
0.014 
0.038 

0.066 
1.4 

-0.003 
0.026 
0.026 

6.4 
9.1 
7.0 

27 
33 

10 
11 

8.4 

9.1 
9.1 
8.1 

8.4 

7.9 
9.5 
9.8 
9.4 
1 . 7  
8.0 
1 . 7  
8.2 
1.3 
8.6 
8.7 

11 

13 

10 
11 
6.8 
6.8 
6.1 
8.7 
7.9 
4 . 4  
2.8 
8.2 
9.5 

9.1 
1.0 

3.2 
0.27 
3.4 
3.3 

5.4 

5.6 
5.6 
5.6 

11 

13 

NA 
NA 
NA 
NA 
NA I 

NA 
NA 
NA 

NA NA 
NA NA 
NA N A 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 

2128 
998 

1342 
12810 
4352 
1407 
1656 
1701 
2562 
1625 
1244 

11 790 
1244 

13400 
11700 

845 
966 
897 

1179 
,1323 
1344 
1365 
945 

1725 
1305 
1512 
2208 
4968 
4880 
4288 
1794 
559 
576 
780 
603 

1062 
2730 
'1 125 
3615 

6.8 . +80 
7 .2 :  , -25 
8.1 ' +160 
7 .6 ' .  +190 
7.9 +230 

1.35: +150 
7.1 ' +160 
7.0.  +20 
1 . 1 .  -30 
7.2 -60 
8 . 2 .  -35 
7.2 -60 
8.25: +40 
8 .1  0 
7.0 '- +30 
7 . 1  . +110 
1 . 2  -10 
7 . 2  . -100 
7 .OS'  -5 
7.1 -20 
7.25',-100 
?.O +loo 
7 . 1 5 '  +165 
7.35:. + I 5  
7.2 . -30 
6.9 +160 
7.5 - .  -30 
5.6 +85 
5.8 +170 
1.0 . +I50 
8.1 .' -20 
7.9 , I  +40 
9.6 -55 
8.1 +160 
6 . 9 .  +165 
6 .5 '  . +150 
6 .95 '  +130 
9.0 +140 

7 . 1 .  +40 

1688 8.1.  -90 
215 8 . 8 .  +110 
621 1.6.  -130 
780 8.5 +150 

638 
8925 
460 
465 
485 

? 031 
476 

5586 
510 

2010 
540 

2850 
565 

8.1 
9 . 2  
1.7 
5.9 
7 . 9 
1.0 
1.7 
7.0 
7.8 
7.2 
1 . 7  
1.3 
5.8 

+160 
. +110 

*150 
. *  +15G 

' .  +135 

. NA 
, NA 

. . I  NA 

..: NA 

. NA 
NA 
NA 
NA 

14  
11 
?5  
15 
17 
11 
10 
13.5 
13 
16.5 
12 
12 

-1 2 
11 

.12.5 
',12.5 
10 
10 
12 

. .  .13.5 
13 

'12.5 
'1 1 
10 
' 8  

. .  12 
10 

'10 
.15 
11 

. l o  

..l 1 .5 
'13 
12.5 
11 
14 
12.5 
14 
15.5 

14 
14 
10 
19.5 

11.5 
22.5 
18 
18.5 
18.5 

VA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

. .  

409 
348 

/ 138 
258 
240 
340 
4 1  1 
471 
31 1 
399 
331 

1640 
337 

1340 
1526 
310 
301 
285 
372 
374 
386 
385 
300 
396 
345 
147 
470 
325 
'9 8 
80 

4 40 
225 
252 
350 
230 
298 
310 
404 
603 

935 
110 
274 
164 

156 
1507 
135 
131 
131 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

~~ 

%'here umno/cm = micromno per centimeter: mV = m l l i v o i t .  
~ N A  = nor avei iaoie.  
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Locat ion 

~ --, 
Concentration (mg/l) Conductance Eh Temp to H20 Cam3 

Na K Ca MQ c1 SO" As Mo Se V u (pmno/cm)a PH (mv)a ('c) (ft) Ima/lI 

13 
19 
26 
26A 
26C 
29 
30A 
308 
318-East 
318-West 7 

41 (tube 3 )  
41 (tuoe 2) 
41 (tuoe 4) 
41 (tt.be 1) 
42 
42 
43 
44 
45 
45A (tube 3 )  
45A (tuoe 2) 
45A (tube :) 
458 
50 
51 
52 
58 
61 
62 
62 
63 
65 
66 
70 
70 

72 
73 
7 
8 
9 
Carbonate Seep 
M111 i 
Mill 1 
Mi11 2 
Mill 3 
Montezuma Canyon 
N. Drainage 
w-2 
w-3 
w-4 
w-5 
1 
20 
30C 
36A 
40A 

71 

249 5.0 220 
37 3.0 209 
593 38 526 
2605 19 431 
2465 38 365 
3725 25 331 
109 1 1  164 
302 44 114 
158 7.7 594 
124 8.6 440 
108 17 154 

2680 158 139 
2740 182 123 
2675 171 136 
36 4.2 154 
33 4.2 154 
32 2.6 269 
32 2.8 192 
68 7.1 156 
48 3 . 7  200 
52 3.9 202 
86 6.9 172 
33 3.7 188 
80 4.1 274 
56 3.3 186 
78 4.0 185 
182 7.6 212 
703 28 275 
544 22 290 
523 23 292 
656 16 202 
296 23 154 
283 13 125 
57 2.7 53 
58 2.7 52 
54 2.7 54 

58 96.5 
31 11.9 
216 NA 
76 NA 
124 NA 
89 NA 
27 42.8 
27 118 
121 40.8 
93 33.0 
24 39.6 
127 1630 
il8 1530 
125 1610 
22 . 14.5 
22 13.9 
37 14.3 
28 10.5 
25 18.5 
36 22.8 
26 22.9 
34 29.4 
27 11.1 
50 37.8 
35 26.4 
35 40.5 
58 86.8 
187 73.0 
204 80.4 
209 79.9 
132 74.0 
40 57.7 
26 235 
10 3.3 
10 3.4 
1 1  3.1 

159 5.0 8.0 3.8 55.3 
58 3.0 60 1 1  3.1 
124 12 204 53 73.0 
162 7.8 33s 96 179 
109 14 129 32 27.4 
473 41 41 32 160 
398 3.3 3.9 1.6 45.3 
402 3 . 3  3.8 1.5 45.4 
47 3.1 7.3 4.6 4.0 
85 3.1 17 4.8 8.1 
129 59 116 44 90.6 
60 7.4 94 '7 61.3 

28 2.2 108 17 6.5 
66 82 142 25 43.5 
100 71 168 37 51.8 
521 37 194 53 133 
51 1.9 340 47 16.9 

214 21 160 27 88.9 
744 44 277 98 139 
336 46 140 30 101 

1812 132 37 71 1020 

760 
395 
NA 
NA 
N A  
NA 
406 
524 
1920 
1380 
337 
3420 
3320 
3460 
245 
235 
59 1 
346 
281 
402 
424 
408 
354 
680 
384 
421 
660 
2640 
2790 
2860 
2240 
722 
543 
101 

101 
99.9 

26.2 
99.6 
666 
1080 
320 
545 

1.8 
7.5 
32.4 
22.3 
472 
1'6 

2300 
136 
31 7 
434 
1190 
681 
454 
1870 
610 

-0.005 
-0.005 
0.026 
-0.005 
0.057 
0.056 
0.029 
0.17 
-0.005 
-0.005 
0.084 
2.4 
2.0 
2.5 
-0.005 
-0.005 
-0.005 
-0.005 
-0.005 
-0.005 
-0.005 
-0.005 
-0.005 
-0.005 
-0.005 
0.016 
0.009 
-0.005 
-0.005 
-0.005 
-0.005 
0.006 
4.005 
-0.005 
-0.005 
-0.005 
0.005 
-0.005 
0.005 
-0.005 
-0.005 
0.94 
-0.005 
-0.005 
-0.005 
-0.005 
-0.005 
-0.005 
1.5 

-0,005 
0.009 
-0.005 
0.033 
-0.005 
0.11 
0.011 
0.057 

-0.050 
-0.050 
1.4 

47 
23 
13 
0.103 
0.457 
-0.050 
-0.050 
-0.050 
8.8 
9.2 
8.9 
-0.050 
-0.050 
-0. 050 
-0.050 
-0.050 
-0.050 
-0.050 
-0.050 
-0.050 
-0.050 
-0.050 
-0.050 
-0.050 
-0.050 
-0.050 
-0.050 
-0.050 
0.144 
-0.050 
-0.050 
-0.050 
-0.050 
-0.050 
-0.050 
0.055 
-0.050 
0.134 
0.460 
-0.050 
-0.050 
-0.050 
-0.050 
-0.050 
-0.050 
5.6 

-0.050 
-0.050 
0.057 
0.527 
-0.050 
0.322 
0.787 
0.350 

-0.005 
-0.005 
0.16 
0.12 
0.30 
0.013 
0.012 
0.067 
-0.005 
-0.005 
0.057 
3.6 
3.0 
3 . 3  
0.021 
-0.005 
0.006 
-0.005 
-0.005 
-0.005 
-0.005 
-0.005 
-0.005 
-0.005 
-0.005 
-0.005 
0.010 
-0.005 
-0.005 
-0.005 
-0.005 
-0.005 
-0.005 
-0.005 
-0.005 
-0.005 
0.008 
-0.005 
0.007 
-0.005 
-0.005 
-0.005 
-0.005 
-0.005 
-0.005 
-0.005 
-0.005 
-0.005 
1.8 
0.006 
0.008 
0.007 
0.008 
0.014 
0.071 
-0.005 
-0.009 

-0,050 
-0.050 
0.270 
-0.050 
1 1  
3.9 
0.603 
4.3 
-0.050 
-0.050 
2.2 

105 
101 
108 
0.133 
0.124 
-0.050 
-0.050 
-0.050 
-0.050 
-0.050 
-0.050 
-0.050 
-0.050 
-0.050 
0.905 
0.355 
-0.050 
-0.050 
-0.050 
-0.050 
0.104 
0.103 
-0.050 
-0.050 
-0.050 
-0.050 
-0.050 
0.096 
-0.050 
-0.050 
1 1  
-0.050 
-0.050 
-0.050 
-0.050 
-0.050 
-Q.050 
83 
-0.050 
0.221 
0.105 
1.07 

-0.05 
4.25 
0.525 
0.449 

0.6 
0.023 
41.2 
0.1 
0.060 
15.6 
0.2 
0.5 
0.024 
0.057 
0.2 
1'. 8 
2.6 
2.7 
0.090 
0.092 
0.019 
0.012 
0.074 
0.053 
0.058 
0.056 
0.026 
0.037 
0.048 
0.1 
0.5 
0.001 
-0.001 
0.003 
0.003 
0.9 
0.061 
-0.001 
-0.001 
-0.001 
-0.001 
-0.001 
0.2 
0.091 
0.5 
1.1 

-0.001 
-0.001 
-0.001 
0.005 
0.1 
0.017 
1.6 
0.002 
0.1 
0.2 
3.4 
0.006 
0.3 
10.3 
1 .o 

1650 
850 

NA 
NA 
NA 
1000 
1500 
1150 
1500 
1000 
8500 
eo00 
9000 
700 
700 
1000 
800 
900 
950 
950 
1000 
600 
1200 
900 
1000 
1400 
2750 
2400 
2400 
2900 
1500 
900 
113 
500 
450 
600 
400 
1300 
1800 
9 50 
1100 
1200 
1200 
190 
325 
800 
600 
7000 
3250 
800 
900 
2200 
1150 
1200 
4500 
1500 

N A ~  

6.75 -60 
6.85 +80 
NA NA 
NA NA 
NA NA 
N A  NA 
7.1 +120 
7.75 +130 
6.35 *40 
6.4 +50 
6.75 +SO 
7.6 +120 
7.3 +80 
7.6 +200 
7.15 +!60 
7.15 +160 
6.75 *85 
6.15 *SO 
6.8 -30 
6.8 +SO 
6.6 +lo0 
7.0 -40 
6.75 *70 
6.t +190 
6.6 +160 
6.9 +160 
6.2 +140 
7.1 -60 
5.2 +60 
5.2 +60 
5.9 +130 
8.0 +165 
7.5 +:io 
6.8 +10 
6.8 +10 
6.6 +155 
8.45 
7.5 
6.4 
6.0 
6.8 
8.5 
7.9 
7.9 
9.1 
7.35 
7.65 
7.8 
9.7 
7.7 
7.6 
7.5 
6.8 
6.95 
8.2 
6.9 
7.15 

+loo 
+10 
+150 
+;55 
+130 
+165 
*so 
+so 
+130 
-170 
+125 
+130 
+150 
-125 
+150 
+160 
+160 
+80 
+150 
*150 
+120 

11.5 5.40 
12 10.68 
NA NA 
NA NA . 
NA NA 
N A  NA 
13.5 21.50 
13 17.88 
12 5.17 
13 6.34 
11.5 NA 
13 N E  
12.5 NA . 
13.5 NA 
10 39.21 
10 39.21 
10 10.2 

1 1  12.5 
12.35 NA 

1 1  N A  
12 NA 
12 N4 
12.5 5.10 
12 15.66 
11.5 10.3 
11.5 21.66 
12 7.24 
9 . 29.35 
10 19.62 
10 i9.62 
12 27.1 
9 20.36 
12 10.52 
13 36.69 
13 36.69 
1 1  36.68 
1 1  35.89 
10.5 35.55 
12 9.05 
12.5 9.67 
12 5.51 
12.5 
15 86.61 
15 86.61 
13 105.38 
12 96.1 
6.5 NA 
6 N A 
18 NA 
6 N A  
10 N A  
7 NA 

N A  19.5 
N A  17.9 
NA 18.5 
N A  43.2 
N A  21.7 

356 
231 

NA 
NA 
NA 
308 
453. 
2?5 
267 . 

340 
12!9 
1219 
1390 
324 

..MA.-. - 

324..- . 
192 1 

230 : 
258 
365 
366 
396 . - -. 
408 
396 
36 1 
375 . 
367 ... 
245 . . 

NA .,, 
NA 
78 

509 
255 
113 
173 
96 
224 
215 
228 
231 
285 
475 
892 . 
892 
31 
258 
95 
180 
799 
153 
29 1 
214 
532 
331 
375 
NA 
435 

aWhere pmho/cm = micromho per centimeter: mV = millivoit. 
bNA = Not available. 
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